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SECTI ON 4
QUALI TY ASSURANCE
4.1 | NTRODUCTI ON

4.1.1 Devel opnent and nai ntenance of a toxicity test |aboratory
qual ity assurance (QA) program (USEPA, 1991b) requires an ongoi ng
comm tment by | aboratory managenment. Each toxicity test

| aboratory should (1) appoint a quality assurance officer with
the responsibility and authority to devel op and maintain a QA
program (2) prepare a quality assurance plan with stated data
quality objectives (DQ0s), (3) prepare witten descriptions of

| aboratory standard operating procedures (SOPs) for culturing,
toxicity testing, instrunent calibration, sanple chain-of-custody
procedures, |aboratory sanple tracking system glassware
cleaning, etc., and (4) provide an adequate, qualified technical
staff for culturing and toxicity testing the organisnms, and

sui tabl e space and equi pnent to assure reliable data.

4.1.2 QA practices for toxicity testing | aboratories nust
address all activities that affect the quality of the final
effluent toxicity data, such as: (1) effluent sanpling and
handling; (2) the source and condition of the test organisns; (3)
condition of equipnent; (4) test conditions; (5) instrunent
calibration; (6) replication; (7) use of reference toxicants; (8)
record keeping; and (9) data eval uation.

4.1.3 Qality control practices, on the other hand, consist of
the nore focused, routine, day-to-day activities carried out
within the scope of the overall QA program For nore detail ed

di scussion of quality assurance and general gui dance on good

| aboratory practices and | aboratory evaluation related to
toxicity testing, see FDA (1978); USEPA (1979d); USEPA (1980Db);
USEPA (1980c); USEPA (1991c); DeWskin (1984); and Tayl or (1987).

4.1.4 @idelines for the evaluation of |aboratory performng
toxicity tests and | aboratory evaluation criteria are found in
USEPA (1991c).

4.2 FACILITIES, EQU PMENT, AND TEST CHAMBERS

4.2.1 Separate test organismculturing and toxicity testing
areas should be provided to avoid possible | oss of cultures due
to cross-contam nation. Ventilation systens should be designed
and operated to prevent recirculation or |eakage of air from
chem cal analysis |aboratories or sanple storage and preparation
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areas into organismculturing or testing areas, and fromtesting
and sanpl e preparation areas into culture roons.

4.2.2 Laboratory and toxicity test tenperature control equi pnent
nmust be adequate to maintain recommended test water tenperatures.
Reconmmended materials nust be used in the fabrication of the test
equi pnent which conmes in contact with the effluent (see Section
5, Facilities, Equipnment, and Supplies; and specific toxicity
test met hod).

4.3 TEST ORGANI SM5

4.3.1 The test organisns used in the procedures described in
this manual are the red abalone, Haliotis rufescens; the Pacific
oyster, Crassostrea gigas, and nussel, Mtilus spp.; the
topsnelt, Atherinops affinis; the nysid, Hol nesinysis costata;
the sea urchin, Strongyl ocentrotus purpuratus, and the sand
dol | ar Denstraster excentricus; and the giant kel p, Mcrocystis
pyrifera. The organisns used should be di sease-free and appear
heal t hy, behave normally, feed well, and have low nortality in
cultures, during holding, and in test control. Test organisns
shoul d be positively identified to species (see Section 6, Test
Or gani sns) .

4.4 LABORATORY WATER USED FOR CULTURI NG AND TEST DI LUTI ON WATER

4.4.1 The quality of water used for test organismculturing and
for dilution water used in toxicity tests is extrenely inportant.
Water for these two uses should conme fromthe sane source. The
dilution water used in effluent toxicity tests will depend on the
obj ectives of the study and | ogistical constraints, as di scussed
in Section 7, Dilution Water. The dilution water used in the
toxicity tests may be natural seawater, hypersaline brine (100%
prepared from natural seawater, or artificial seawater prepared
fromcomercial sea salts, such as FORTY FATHOVS® or HW

MARI NEM X®, if recommended in the method. GP2 synthetic

seawat er, nmade fromreagent grade chem cal salts in conjunction
wi th natural seawater, may al so be used if recormended. Types of
wat er are discussed in Section 5, Facilities, Equipnent, and
Supplies. Water used for culturing and test dilution water
shoul d be anal yzed for toxic nmetals and organics at | east
annual |y or whenever difficulty is encountered in neeting m ninmm
acceptability criteria for control survival and reproduction or
grow h. The concentration of the netals, A, As, C, Co, Cu, Fe,
Pb, Ni, Zn, expressed as total netal, should not exceed 1 pg/L
each, and Cd, Hg, and Ag, expressed as total netal, should not
exceed 100 ng/L each. Total organochlorine pesticides plus PCBs
shoul d be less than 50 ng/L (APHA, 1992). Pesticide
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concentrations should not exceed USEPA' s National Ambient \Water
Quality chronic criteria val ues where avail abl e.

4.5 EFFLUENT AND RECEI VI NG WATER SAMPLI NG AND HANDLI NG

4.5.1 Sanple holding tinmes and tenperatures of effluent sanples
collected for on-site and off-site testing nust conformto
conditions described in Section 8, Effluent and Receiving \Water
Sanpl i ng, Sanple Handling, and Sanple Preparation for Toxicity
Test s.

4.6 TEST CONDI TI ONS

4.6.1 Water tenperature and salinity nmust be maintained within
the limts specified for each test. The tenperature of test

sol utions nust be nmeasured by placing the thernoneter or probe
directly into the test solutions, or by placing the thernoneter

i n equival ent volunes of water in surrogate vessels positioned at
appropriate |l ocations anong the test vessels. Tenperature should
be recorded continuously in at |east one vessel during the
duration of each test. Test solution tenperatures nust be

mai ntained within the limts specified for each test. DO
concentrations and pH shoul d be checked as specified in each test
nmet hod.

4.7 QUALITY OF TEST ORGANI SM5

4.7.1 1f the | aboratory perfornms short-termchronic toxicity
tests routinely but does not have an ongoi ng test organi sm

cul turing program and nmust obtain the test organisns from an
outside source, the sensitivity of a batch of test organi sns nust
be determned with a reference toxicant in a short-term chronic
toxicity test perfornmed nonthly (see Section 4, Quality
Assurance, Subsections 4.14, 4.15, 4.16, and 4.17). \Were acute
or short-termchronic toxicity tests are perforned with effluents
or receiving waters using test organi sns obtained from outside
the test |aboratory, concurrent toxicity tests of the sane type
must be performed with a reference toxicant, unless the test

or gani sm suppl i er provides control chart data fromat |east the
|ast five nonthly short-termchronic toxicity tests using the
sane reference toxicants and test conditions (see Section 6, Test
Or gani sns) .

4.7.2 The supplier should certify the species identification of

the test organisns, and provide the taxonom c reference (citation
and page) or nane(s) of the taxonom c expert(s) consulted.
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4.7.3 1f the laboratory maintains breeding cultures, the
sensitivity of the offspring should be determned in a short-term
chronic toxicity test perfornmed with a reference toxicant at

| east once each nonth (see Section 4, Quality Assurance,
Subsection 4.14, 4.15, 4.16, and 4.17). |If preferred, this
reference toxicant test may be performed concurrently with an
effluent toxicity test. However, if a given species of test

or gani sm produced by inhouse cultures is used only nonthly, or
less frequently in toxicity tests, a reference toxicant test nust
be perforned concurrently with each short-termchronic effluent
and/or receiving water toxicity test.

4.7.4 1f aroutine reference toxicant test fails to neet
acceptability criteria, the test nust be i medi ately repeat ed.
If the failed reference toxicant test was being perforned
concurrently with an effluent or receiving water toxicity test,
both tests nust be repeated (For exception, see Section 4,

Qual ity Assurance, Subsection 4.16.5).

4.8 FOOD QUALITY

4.8.1 The nutritional quality of the food used in culturing and
testing fish and invertebrates is an inportant factor in the
quality of the toxicity test data. This is especially true for
the unsaturated fatty acid content of brine shrinp nauplii,
Artemia. Problems with the nutritional suitability of the food
Wil be reflected in the survival, growh, and reproduction of
the test organisns in cultures and toxicity tests. Artem a cysts
and ot her foods nust be obtained as described in Section 5,
Facilities, Equipnment, and Supplies.

4.8.2 Problens with the nutritional suitability of food will be
reflected in the survival, growh, devel opnent and reproduction
of the test organisns in cultures and toxicity tests. |If a batch
of food is suspected to be defective, the performance of
organisns fed with the new food can be conpared with the

per formance of organisns fed with a food of known quality in

si de-by-side tests. |If the food is used for culturing, its
suitability should be determ ned using a short-termchronic test
which will determne the affect of food quality on growth or
reproduction of each of the relevant test species in culture,
using four replicates with each food source. Were applicable,
foods used only in chronic toxicity tests can be conpared with a
food of known quality in side-by-side, multi-concentration
chronic tests, using the reference toxicant regularly enployed in
the | aboratory QA program For list of commercial sources of
Artemi a cysts, see Table 2 of Section 5, Facilities, Equipnent,
and Suppli es.
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4.8.3 New batches of food used in culturing and testing should
be anal yzed for toxic organics and netals or whenever difficulty
is encountered in neeting mninmumacceptability criteria for
control survival, reproduction, devel opment or growth. |If the
concentration of total organochlorine pesticides exceeds

0.15 pg/ g wet weight, or the concentration of total
organochl ori ne pesticides plus PCBs exceeds 0.30 pg/g wet weight,
or toxic metals (A, As, C, Co, Cu, Pb, N, Zn, expressed as
total nmetal) exceed 20 pg/g wet weight, the food should not be
used (for analytical nethods, see AOAC, 1990; and USDA, 1989).
For foods (e.g., YCT) which are used to culture and test

organi sns, the quality of the food should neet the requirenents
for the | aboratory water used for culturing and test dilution
wat er as described in Section 4.4 above.

4.9 ACCEPTABILITY OF CHRONIC TOXICI TY TESTS

4.9.1 Each test nethod contain specific test acceptability
criteria defining mninmmacceptable control performance for each
endpoint (e.g., the nean | arval devel opnment nust be at | east 80%
in the controls), statistical resolution (e.g., mninmm
significant difference), and test conditions (e.g., salinity 34
2% . |If these criteria are not net, the test nust be repeated.
Test acceptability criteria are used to denonstrate the
sensitivity of the test organisnms and the | aboratory performance
with a routinue reference toxicant.

4.9.2 An individual test may be conditionally acceptable if
tenperature, DO and other specified conditions fall outside
specifications, depending on the degree of the departure and the
objectives of the tests (see test conditions and test
acceptability criteria sunmaries). The acceptability of the test
wi |l depend on the experience and professional judgnment of the

| aboratory investigator and the reviewing staff of the regulatory
authority. Any deviation fromtest specifications nust be noted
when reporting data froma test.

4.10 ANALYTI CAL METHODS
4.10.1 Routine chem cal and physical analyses for culture and
dilution water, food, and test solutions nust include established

gual ity assurance practices outlined in USEPA nmet hods manual s
(USEPA, 1979a and USEPA, 1979Db).
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4.10.2 Reagent containers should be dated and cat al ogued when
received fromthe supplier, and the shelf |ife should not be
exceeded. Also, working solutions should be dated when prepared,
and the recommended shelf life should be observed.

4.11 CALI BRATI ON AND STANDARDI ZATI ON

4.11.1 Instruments used for routine neasurenents of chem cal and
physi cal parameters, such as pH, DO, tenperature, conductivity,
and salinity, nust be calibrated and standardi zed according to

i nstrument manufacturers procedures as indicated in the general
section on quality assurance (see USEPA Met hods 150.1, 360.1
170.1, and 120.1 in USEPA, 1979b). Calibration data are recorded
in a permanent | og book.

4.11.2 Wet chem cal nethods used to neasure hardness,

al kalinity, and total residual chlorine, nust be standardized
prior to use each day according to the procedures for those
speci fic USEPA net hods (see USEPA Met hods 130.2 and 310.1 in
USEPA, 1979b).

4.12 REPLI CATI ON AND TEST SENSI TI VI TY

4.12.1 The sensitivity of the tests will depend in part on the
nunber of replicates per concentration, the significance |evel
sel ected, and the type of statistical analysis. |If the
variability remains constant, the sensitivity of the test wll

i ncrease as the nunber of replicates is increased. The m ni num
recommended nunber of replicates varies with the objectives of
the test and the statistical method used for analysis of the

dat a.

4.13 VAR ABILITY IN TOXICI TY TEST RESULTS

4.13.1 Factors which can affect test success and precision
include: (1) the experience and skill of the l|aboratory anal yst;
(2) test organismage, condition, and sensitivity; (3) dilution
wat er quality; (4) tenperature control; (5) and the quality and
guantity of food provided. The results will depend upon the
speci es used and the strain or source of the test organisns, and
test conditions, such as tenperature, DO food, and water
quality. The repeatability or precision of toxicity tests is

al so a function of the nunber of test organi sns used at each

t oxi cant concentration. Jensen (1972) discussed the relationship
bet ween sanpl e size (nunber of fish) and the standard error of
the test, and considered 20 fish per concentration as optinmm for
Probit Anal ysis.
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4.14 TEST PRECI SI ON

4.14.1 The ability of the | aboratory personnel to obtain

consi stent, precise results nust be denonstrated with reference
toxi cants before they attenpt to nmeasure effluent toxicity. The
singl e-l aboratory precision of each type of test to be used in a
| aboratory should be determ ned by performng at |east five or
nore tests with a reference toxicant.

4.14.2 Test precision can be estimated by using the sanme strain
of organi sns under the sane test conditions, and enploying a
known toxicant, such as a reference toxicant.

4.14.3 Precision data for each of the tests described in this
manual are presented in the sections describing the individual
test met hods.

4.14.4 Additional information on toxicity test precision is
provided in the Technical Support Docunent for Water Quality-
based Toxic Control (see pp. 2-4, and pp. 11-15 in USEPA, 1991a).

4.14.5 In cases where the test data are used in Probit Analysis
or other point estimtion techniques (see Section 9, Chronic
Toxicity Test Endpoints and Data Anal ysis), precision can be
descri bed by the nmean, standard deviation, and rel ative standard
devi ation (percent coefficient of variation, or CV) of the
cal cul ated endpoints fromthe replicated tests. |In cases where
the test data are used in the Linear Interpolation Mthod,

preci sion can be estimted by enpirical confidence intervals
derived by using the ICPIN Method (see Section 9, Chronic
Toxicity Test Endpoints and Data Anal ysis). However, in cases
where the results are reported in terns of the No-Cbserved-

Ef f ect - Concentration (NCEC) and Lowest - Qbserved- Ef f ect -
Concentration (LOEC) (see Section 9, Chronic Toxicity Test

Endpoi nts and Data Anal ysis), precision can only be described by
listing the NOEC-LOEC interval for each test. It is not possible
to express precision in ternms of a comonly used statistic.
However, when all tests of the sane toxicant yield the sane
NCEC- LOEC i nterval, maxi mum precision has been attained. The
"true" no effect concentration could fall anywhere within the
interval, NOEC £ (LCEC m nus NCEC).

4.14.6 It should be noted here that the dilution factor sel ected
for a test determnes the width of the NOEC-LCEC i nterval and the
i nherent maxi mum precision of the test. As the absolute val ue of
the dilution factor decreases, the width of the NOEC- LOEC
interval increases, and the inherent maxi mum precision of the
test decreases. When a dilution factor of 0.3 is used, the NCEC
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coul d be considered to have a relative uncertainty as high as *
300% Wth a dilution factor of 0.5, the NOEC coul d be
considered to have a relative variability of + 100% As a result
of the variability of different dilution factors, USEPA
recommrends the use of a $0.5 dilution factor. Oher factors

whi ch can affect test precision include: test organi sm age,
condition, and sensitivity; tenperature control; and feeding.

4.15 DEMONSTRATI NG ACCEPTABLE LABORATORY PERFORMANCE

4.15.1 It is a laboratory's responsibility to denonstrate its
ability to obtain consistent, precise results with reference

toxi cants before it perforns toxicity tests with effluents for
permt conpliance purposes. To neet this requirenent, the

i ntral aboratory precision, expressed as percent coefficient of
variation (CVv%, of each type of test to be used in a |l aboratory
shoul d be determ ned by perform ng five or nore tests with

di fferent batches of test organisns, using the sane reference
toxi cant, at the same concentrations, with the sanme test
conditions (i.e., the sanme test duration, type of dilution water,
age of test organisns, feeding, etc.), and sane data anal ysis

met hods. A reference toxicant concentration series (0.5 or

hi gher) should be selected that will consistently provide parti al
nortalities at two or nore concentrations.

4.16 DOCUMENTI NG ONGO NG LABORATORY PERFORVANCE

4.16.1 Satisfactory |aboratory performance is denonstrated by
perform ng at | east one acceptable test per nmonth with a
reference toxicant for each toxicity test nethod comonly used in
the | aboratory. For a given test nethod, successive tests nust
be perfornmed with the same reference toxicant, at the sane
concentrations, in the sane dilution water, using the sane data
anal ysis methods. Precision nmay vary with the test species,
reference toxicant, and type of test.

4.16.2 A control chart should be prepared for each conbination
of reference toxicant, test species, test conditions, and
endpoints. Toxicity endpoints fromfive or six tests are
adequate for establishing the control charts. Successive
toxicity endpoints (NOECs, |C25s, LC50s, etc.) should be plotted
and exam ned to determne if the results (X)) are within
prescribed limts (Figure 1). The types of control charts
illustrated (see USEPA, 1979a) are used to eval uate the

cunul ative trend of results froma series of sanples. For
endpoints that are point estimates (LC50s and | C25s), the

cunul ative nean (X) and upper and |ower control limts (x2S) are
re-cal culated with each successive test result. Endpoints from
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hypot hesis tests (NCEC, NOAEC) from each test are plotted
directly on the control chart. The control limts would consi st
of one concentration interval above and bel ow the concentration
representing the central tendency. After two years of data
collection, or a mninmumof 20 data points, the control (cusun
chart shoul d be nmintained using only the 20 nost recent data
poi nts.

4.16.3 The outliers, which are values falling outside the upper
and lower control limts, and trends of increasing or decreasing
sensitivity, are readily identified. 1In the case of endpoints
that are point estimates (LC50s and |1 C25s), at the P = 0.05
probability level, one in 20 tests would be expected to fal
outside of the control limts by chance alone. |If nore than one
out of 20 reference toxicant tests fall outside the control
limts, the effluent toxicity tests conducted during the nonth in
whi ch the second reference toxicant test failed are suspect, and
shoul d be consi dered as provisional and subject to careful
review. Control limts for the NOECs will al so be exceeded
occasional ly, regardless of how well a |aboratory perforns.

4.16.4 If the toxicity value froma given test with a reference
toxicant fall well outside the expected range for the test

organi snms when using the standard dilution water and ot her test
conditions, the sensitivity of the organisnms and the overal
credibility of the test systemare suspect. In this case, the
test procedure should be exam ned for defects and should be
repeated with a different batch of test organisns.

4.16.5 Performance should i nprove with experience, and the
control limts for endpoints that are point estimtes shoul d
gradually narrow. However, control limts of x2S will be
exceeded 5% of the tine by chance al one, regardl ess of how well a
| aboratory perfornms. Highly proficient |aboratories which
devel op very narrow control limts may be unfairly penalized if a
test result which falls just outside the control limts is
rejected de facto. For this reason, the width of the control
[imts should be considered by the permtting authority in
determ ni ng whether the outliers should be rejected.
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Figure 1. Control (cusum charts. (A) hypothesis testing
results; (B) point estimates (LC, EC, or 1C).
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4.17 REFERENCE TOXI CANTS

4.17.1 Reference toxicants such as zinc sulfate (ZnSQ,), cadm um
chloride (Cdd ,), copper sulfate (CuSQ,), and copper chloride
(Cud,), are suitable for use in the NPDES Program and ot her
Agency programs requiring aquatic toxicity tests. NERL-
Cncinnati plans to rel ease USEPA-certified solutions of cadm um
and copper for use as reference toxicants, through cooperative
research and devel opnent agreenents with comrercial suppliers,
and will continue to devel op additional reference toxicants for
future release. Interested parties can determ ne the

avai lability of "EPA Certified" reference toxicants by checking
the NERL-Ci ncinnati electronic bulletin board, using a nodemto
access the follow ng tel ephone nunber: 513-569-7610. Standard
reference materials also can be obtained fromcomercial supply
houses, or can be prepared i nhouse using reagent grade chem cals.
The regul atory agency shoul d be consulted before reference

toxi cant(s) are selected and used.

4.18 RECORD KEEPI NG

4.18.1 Proper record keeping is inportant. A conplete file nust
be mai ntained for each individual toxicity test or group of tests
on closely related sanples. This file nmust contain a record of

t he sanpl e chai n-of -custody; a copy of the sanple | og sheet; the
ori ginal bench sheets for the test organi smresponses during the
toxicity test(s); chemcal analysis data on the sanple(s);
detailed records of the test organisns used in the test(s), such
as species, source, age, date of receipt, and other pertinent
information relating to their history and health; information on
the calibration of equipnent and instrunents; test conditions
enpl oyed; and results of reference toxicant tests. Laboratory
data shoul d be recorded on a real-tine basis to prevent the | oss
of information or inadvertent introduction of errors into the
record. Oiginal data sheets should be signed and dated by the

| aboratory personnel perform ng the tests.

4.18.2 The regulatory authority should retain records pertaining
to discharge permts. Permttees are required to retain records

pertaining to permt applications and conpliance for a m ni mum of
3 years [40 CFR 122.41(j)(2)].
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SECTION 5

FACI LI TI ES, EQUI PMENT, AND SUPPLI ES

5.1 GENERAL REQUI REMENTS

5.1.1 Effluent toxicity tests nmay be perforned in a fixed or
nobil e | aboratory. Facilities nust include equipnent for rearing
and/ or holding organisns. Culturing facilities for test

organi sns may be desirable in fixed | aboratories which perform

| arge nunbers of tests. Tenperature control can be achieved
using circulating water baths, heat exchangers, or environnental
chanbers. Water used for rearing, holding, acclimting, and
testing organi sns may be natural seawater or water made up from
hypersaline brine derived fromnatural seawater, or water nmade up
fromreagent grade chemicals (GP2) or comercial (FORTY FATHOVE®
or HWMARI NEM X®) artificial sea salts when specifically
recomrended in the method. Air used for aeration nust be free of
oil and toxic vapors. G l-free air punps should be used where
possi ble. Particulates can be renoved fromthe air using
BALSTON® Grade BX or equivalent filters (Balston, Inc.,

Lexi ngt on, Massachusetts), and oil and other organic vapors can
be renoved using activated carbon filters (BALSTON®, C- 1 filter
or equival ent).

5.1.2 The facilities nust be well ventilated and free of funes.
Laboratory ventilation systens should be checked to ensure that
return air fromchem stry | aboratories and/ or sanpl e handling
areas is not circulated to test organismcul ture roons or
toxicity test roons, or that air fromtoxicity test roons does
not contam nate culture areas. Sanple preparation, culturing,
and toxicity testing areas should be separated to avoid cross-
contam nation of cultures or toxicity test solutions with toxic
fumes. Air pressure differentials between such roons shoul d not
result in a net flow of potentially contam nated air to sensitive
areas through open or loosely-fitting doors. Organisns should be
shi el ded from external disturbances.

5.1.3 Materials used for exposure chanbers, tubing, etc., which
come in contact with the effluent and dilution water, should be
carefully chosen. Tenpered gl ass and perfl uorocarbon plastics
(TEFLON®) shoul d be used whenever possible to mnimze sorption
and | eaching of toxic substances. These materials may be reused
foll owi ng decontam nation. Containers nade of plastics, such as
pol yet hyl ene, pol ypropyl ene, polyvinyl chloride, TYGON®, etc.
may be used as test chanbers or to ship, store, and transfer
effluents and receiving waters, but they should not be reused
unl ess absolutely necessary, because they mi ght carry over
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adsorbed toxicants fromone test to another, if reused. However,
t hese containers may be repeatedly reused for storing

uncontam nated waters such as dei oni zed or | aboratory-prepared
dilution waters and receiving waters. d ass or disposable

pol ystyrene contai ners can be used as test chanbers. The use of
large ($ 20 L) glass carboys is discouraged for safety reasons.

5.1.4 New plastic products of a type not previously used should
be tested for toxicity before initial use by exposing the test
organisns in the test systemwhere the material is used.

Equi prent (punps, val ves, etc.) which cannot be di scarded after
each use because of cost, nust be decontam nated according to the
cl eaning procedures |listed below (see Section 5, Facilities,

Equi prrent, and Supplies, Subsection 5.3.2). Fiberglass, in
addition to the previously nentioned nmaterials, can be used for
hol di ng, acclimting, and dilution water storage tanks, and in
the water delivery system but once contam nated with pollutants
the fiberglass should not be reused. Al material should be
flushed or rinsed thoroughly with the test nedia before using in
the test.

5.1.5 Copper, galvani zed material, rubber, brass, and | ead nust
not come in contact with cul turing, holding, acclimation, or
dilution water, or with effluent sanples and test sol utions.
Sone materials, such as several types of neoprene rubber
(commonly used for stoppers) may be toxic and should be tested
bef ore use.

5.1.6 Silicone adhesive used to construct glass test chanbers
absor bs sone organochl ori ne and or ganophosphorus pesti ci des,
which are difficult to renove. Therefore, as little of the
adhesi ve as possible should be in contact with water. Extra
beads of adhesive inside the containers should be renoved.

5.2 TEST CHAMBERS

5.2.1 Test chanber size and shape are varied according to size
of the test organism Requirenents are specified in each
toxicity test nethod.

5.3 CLEANI NG TEST CHAMBERS AND LABCORATORY APPARATUS

5.3.1 New plasticware used for sanple collection or organi sm
exposure vessels generally does not require thorough cleaning
before use. It is sufficient to rinse new sanple contai ners once
with dilution water before use. New, disposable, plastic test
chanbers may have to be rinsed with dilution water before use.
New gl assware nust be soaked overnight in 10% acid (see bel ow)
and al so be rinsed well in deionized water and seawater.
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5.3.2 Al non-disposabl e sanple containers, test vessels, punps,
tanks, and ot her equi pnent that has conme in contact with effl uent
must be washed after use to renove surface contam nants, as
descri bed bel ow.

1. Soak 15 mnutes in tap water and scrub with
detergent, or clean in an automatic di shwasher.
2. Rinse twice with tap water.

3. Carefully rinse once with fresh dilute (10% V:V)
hydrochloric acid or nitric acid to renove scal e,
metal s and bases. To prepare a 10% sol uti on of
acid, add 10 nL of concentrated acid to 90 nL of
dei oni zed water.

4. Rinse twice with deionized water.

5. Ri nse once with full-strength, pesticide-grade
acetone to renove organi c conpounds (use a fune hood
or canopy).

6. Rinse three tinmes with deionized water.

5.3.3 Al test chanbers and equi pnent nust be thoroughly rinsed
with the dilution water i mediately prior to use in each test.

5.4 APPARATUS AND EQUI PMENT FOR CULTURI NG AND TOXI CI TY TESTS

5.4.1 Apparatus and equi pnent requirenents for culturing and
toxicity tests are specified in each toxicity test method. Al so,
see USEPA, 1993a.

5.4.2 WATER PURI FI CATI ON SYSTEM

5.4.2.1 A good quality deionized water, providing 18 nmega- ohm

| aboratory grade water, should be available in the | aboratory and
with sufficient capacity for |aboratory needs. Deionized water
may be obtained fromMLLI PORE® M LLI-Q® M LLI PORE® QPAK™ or
equi val ent system If |large quantities of high quality deionized
wat er are needed, it may be advisable to supply the | aboratory
grade water deionizer with preconditioned water froma Cul | i gen®
Conti nental ® or equivalent.

5.5 REAGENTS AND CONSUVABLE MATERI ALS
5.5.1 SOURCES OF FOOD FOR CULTURE AND TOXI CI TY TESTS

1. Brine Shrinmp, Artem a sp. cysts -- Alist of comerci al
sources is provided in Table 1.
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TABLE 1. COWWERCI AL SUPPLI ERS OF BRI NE SHRI MP( ARTEM A)

CYSTS:?

Aquaf auna Bi onari ne

P.O. Box 5

Hawt hor ne, CA 90250

Tel . (213) 973-5275

Fax. (213) 676-9387

(Great Salt Lake North Arm
San Franci sco Bay)

Argent Chemi cal

8702 152nd Ave. NE

Rednond, WA 98052

Tel . (800) 426-6258

Tel . (206) 855-3777

Fax. (206) 885-2112

(Pl ati num Label - San Franci sco Bay;
Label - San Franci sco Bay,

Gold Brazil; Silver Label - G eat
Australia; Bronze

Label - China, Canada, other)

Bonneville Artem a International, I|nc.

P.O Box 511113

Salt Lake Gity, UT 84151-1113
Tel . (801) 972-4704

Fax. (801) 972-4795

Ccean Star |nternational
P. 0. Box 643

Snowvill e, UT 84336

Tel . (801) 872-8217

Fax (801) 872-8272
(Great Salt Lake)

Sanders Brine Shrinp Co.
3850 South 540 West
Ogden, UT 84405

Tel . (801) 393-5027
(Great Salt Lake)

Sea Critters Inc.

P. 0. Box 1508
Taverni er, FL 33070
Tel . (305) 367-2672

Aquari um Product s
180L Penrod Court

@ en Burnie, MD 21061
Tel . (800) 368-2507
Tel . (301) 761-2100

( Col unbi a)

Artem a Systens

W edauwkaai 79

B- 9000 Chent, Bel gi um

Tel . 011-32-91-534142

Fax. 011-32-91-536893

(For marine species - AF
grade)[small nauplii], UL
grade [l arge nauplii], for
freshwat er species Salt Lake,
-H grade [small nauplii], EG
[large nauplii]

Col den West Artem a

411 East 100 South

Salt Lake City, UT 84111
Tel . (801) 532-1400

Fax. (801) 531-8160

Pennsyl vani a Pet Products
Box 191

Spring City, PA 19475
Tel. Not |isted.

(Great Salt Lake)

San Franci sco Bay Brand
8239 Enterprise Drive
Newar k, CA 94560

Tel . (415) 792-7200
(Great Salt Lake,

San Franci sco Bay)

Western Brine Shrinp

957 West Sout h Tenpl e
Salt Lake City, UT 84104
Tel . (801) 364-3642

Fax. (801) 534-0211
(Great Salt Lake)

IList fromDavid A Bengtson, University of Rhode Island,

Nar r agansett, Rl

2The geographi ¢ sources from which the vendors obtain the brine

shrinp cysts are shown in parentheses.
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2. Feedi ng requi renents and ot her specific foods are
indicated in the specific toxicity test nethod.

5.5.1.1 Al'l food should be tested for nutritional suitability
and chem cally anal yzed for organochl ori ne pesticides, PCBs, and
toxic netals (see Section 4, Quality Assurance).

5.5.2 Reagents and consunable materials are specified in each
toxicity test method. Also, see Section 4, Quality Assurance.

5.6 TEST ORGANI SM5

5.6.1 Test organisns are obtained frominhouse cultures or
comercial suppliers (see specific toxicity test nethod; Sections
4, Quality Assurance and 6, Test Organisns).

5.7 SUPPLI ES

5.7.1 See toxicity test nethods (see Sections 11-16) for
speci fic supplies.

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

29




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

SECTI ON 6
TEST ORGANI SM5
6.1 TEST SPECIES

6.1.1 The species used in characterizing the chronic toxicity of
effluents and/or receiving waters will depend on the requirenents
of the regulatory authority and the objectives of the test. It
is desirable that good quality test organisns be readily
avai |l abl e throughout the year frominhouse or comercial sources
to meet NPDES nonitoring requirenents. The organisnms used in
toxicity tests nust be identified to species. |If there is any
doubt as to the identity of the test organisns, representative
speci nens should be sent to a taxonom c expert to confirmthe

i dentification.

6.1.2 Toxicity test conditions and culture nmethods for the
species listed in Subsection 6.1.3 are provided in this nmanual
(al so, see USEPA, 1993c).

6.1.3 The organisns used in the short-termtests described in
this manual are the topsnelt, Atherinops affinis, the red

abal one, Haliotis rufescens; the Pacific oyster, Crassostrea
gigas and nussel, Mytilus spp.; the nysid, Hol nesinysis costata,;
the sea urchin, Strongyl ocentrotus purpuratus and the sand
dol l ar, Dendraster excentricus; and the giant kel p, Macrocystis
pyrifera.

6.1.4 Sone states have devel oped culturing and testing nethods
for indi genous species that nmay be as sensitive or nore
sensitive, than the species recomended in Subsection 6.1.3.
However, USEPA allows the use of indigenous species only where
state regulations require their use or prohibit inportation of
the species in Section 6, Facilities, Equipnent, and Suppli es,
Subsection 6.1.3. Were state regulations prohibit inportation
of non-native fishes or use of the recomended test species,
perm ssion nust be requested fromthe appropriate state agency
prior to their use.

6.1.5 Were states have devel oped culturing and testing methods
for indigenous species other than those reconmended in this
manual , data conparing the sensitivity of the substitute species
and one or nore of the recomended species nmust be obtained in
side-by-side toxicity tests with reference toxicants and/or
effluents to ensure that the species selected are at | east as
sensitive as the recomended species. These data nust be
submtted to the permtting authority (State or Region) if

requi red. USEPA acknow edges that reference toxicants prepared
frompure chem cals may not al ways be representative of
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effluents. However, because of the observed and/or potenti al
variability in the quality and toxicity of effluents, it is not
possible to specify a representative effluent.

6.1.6 @uidance for the selection of test organisns where the
salinity of the effluent and/or receiving water requires special
consideration is provided in the Technical Support Docunent for
Wat er Qual ity-based Toxics Control (USEPA, 1991a).

1. Where the salinity of the receiving water is < 1%
freshwat er organi sns are used regardless of the salinity
of the effluent.

2. Where the salinity of the receiving water is $ 1% the
choi ce of organi snms depends on state water quality
standards and/or permt requirenents.

6.2 SOURCES OF TEST ORGANI SMS

6.2.1 Some of the test organisns reconmended in this manual can
be obtai ned from broodstock cultured in the | aboratory using

cul turing and handling nethods for each organi smdescribed in the
respective test nethod sections.

6.2.2 |Inhouse broodstock cultures shoul d be established wherever
it is cost effective. |f inhouse cultures cannot be nmai ntai ned
or it is not cost effective, test organi sns should be purchased
from experienced conmercial suppliers.

6.2.3 Red abal one, oyster, nussels, topsnelt, nysids, sea
urchins, sand dollars, and gi ant kel p bl ades nmay be purchased
fromcomercial suppliers. However, sone of these organisns
(e.g., adult nysids or adult topsnelt) may not al ways be
avai l abl e from comercial suppliers and nay have to be coll ected
in the field and brought back to the | aboratory for rel ease of

| arvae or nysi ds.

6.2.4 1f, because of their source, there is any uncertainty
concerning the identity of the organisns, it is advisable to have
t hem exam ned by a taxonom c specialist to confirmtheir
identification. For guidance on identification, see the

i ndi vidual toxicity test nethods.

6.2.5 FERAL (NATURAL OCCURRI NG W LD CAUGHT) ORGANI SVs
6.2.5.1 The use of test species taken fromthe receiving water
has strong appeal, and would seemto be the | ogical approach.

However, it is generally inpractical and not recomrended for the
foll ow ng reasons:
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1. Sensitive species may not be present in the receiving
wat er because of previous exposure to the effluent or
ot her pollutants.

2. It is often difficult to collect organisnms of the
requi red age and quality fromthe receiving water.
3. Most states require collection permts, which nay be

difficult to obtain. Therefore, it is usually nore cost
effective to culture the organisns in the |aboratory or
obtain themfromprivate, state, or Federal sources.

4. The required QA QC records, such as the single-laboratory
preci sion data, would not be available for non
standardi zed test species.

5. Since it is mandatory that the identity of test organi sns
is knowmn to the species level, it would be necessary to
exam ne each organi smcaught in the wild to confirmits
identity, which would usually be inpractical or, at the
| east, very stressful to the organisns.

6. Test organi sns obtained fromthe wild nust be observed in
the |l aboratory for a m nimum of one week prior to use, to
ensure that they are free of signs of parasitic or
bacterial infections and other adverse effects. Fish
captured by el ectroshocki ng nmust not be used in toxicity
testing.

6.2.5.2 @iidelines for collection of naturally occurring
organi sns are provided in USEPA, (1973); USEPA, (1990a) and
USEPA, (1993a).

6.2.5.3 Regardless of their source, test organisns and

br oodst ock shoul d be carefully observed to ensure that they are
free of signs of stress and di sease, and in good physi cal
condition. Sone species of test organisns, such as trout, can be
obtained fromstocks certified as "di sease-free."

6.3 LIFE STAGE

6.3.1 Young organisns are often nore sensitive to toxicants than
are adults. For this reason, the use of early |life stages, such
as juvenile nysids and larval fish, is required for all tests.
There may be speci al cases, however, where the limted

avai lability of organisns will require sone deviation fromthe
recommended |life stage. In a given test, all organisns should be
approximately the same age and shoul d be taken fromthe sane
source. Since age nay affect the results of the tests, it would
enhance the val ue and conparability of the data if the sane
species in the sane |ife stages were used throughout a nonitoring
programat a given facility.
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6.4 LABORATORY CULTURI NG

6.4.1 Instructions for culturing, holding and/or handling the
recomended test organi sns and broodstock are included in
specified test nmethods.

6.5 HOLDI NG AND HANDLI NG TEST ORGANI SMS

6.5.1 Test organisns should not be subjected to changes of nore
than 3EC in water tenperature or 3% in salinity in any 12 h
peri od.

6.5.2 Organisns should be handled as little as possible. Wen
handling is necessary, it should be done as gently, carefully,
and quickly as possible to mnimze stress. Oganisns that are
dropped or touch dry surfaces or are injured during handling nust
be discarded. D pnets are best for handling | arger organisns.
These nets are commercially available or can be nmade from snal | -
mesh nylon netting, silk bolting cloth, plankton netting, or
simlar material. Wde-bore, snooth glass tubes (4 to 8 nmID)

wi th rubber bul bs or pipettors (such as a PROPI PETTE® or ot her

pi pettor) should be used for transferring smaller organi snms such
as nysids, and larval fish.

6.5.3 Holding tanks for broodstock are usually supplied with a
good quality water (see Section 5, Facilities, Equipnment, and
Supplies) with a flowthrough rate of at |east two tank-vol unes
per day. Oherw se, use a recirculation systemwhere the water

fl ows through an activated carbon or undergravel filter to renove
di ssol ved netabolites. Culture water can al so be piped through
high intensity ultraviolet |ight sources for disinfection, and to
phot o- degr ade di ssol ved or gani cs.

6.5.4 Crowdi ng shoul d be avoi ded because it will stress the
organi sms and | ower the DO concentrations to unacceptable |evels.
The DO nmust be maintained at a mninmumof 4.0 ng/L. The
solubility of oxygen depends on tenperature, salinity, and
altitude. Aerate gently if necessary.

6.5.5 The organi sns shoul d be observed carefully each day for
signs of disease, stress, physical damage, or nortality. Dead
and abnormal organi snms shoul d be renoved as soon as observed. It
is not uncommon for sone |arval fish and nysid nortality (5-10%
to occur during the first 48 h in a holding tank because of
individuals that failed to feed and die of starvation.

6.5.6 Organisns in the holding tanks should generally be fed as

in the cultures (see culturing nethods in the respective
nmet hods) .
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6.5.7 Broodstock and test organi sns shoul d be observed carefully
each day for signs of disease, stress, physical damage, and
nortality. Dead and abnormal speci mens should be renoved as soon
as observed.

6.5.8 A daily record of feeding, behavioral observations, and
nortality should be maintained.

6.6 TRANSPORTATION TO THE TEST SI TE

6.6.1 Test organisns and broodstock are transported fromthe
base or supply laboratory to a renpte test site (see the
appropriate test nethod). Adequate DO is maintained by repl acing
the air above the water in the bags with oxygen froma conpressed
gas cylinder, and sealing the bags. Another nethod commonly used
to maintain sufficient DO during shipnent is to aerate with an
airstone which is supplied froma portable punp. The DO
concentration nust not fall below 4.0 ng/L.

6.6.2 Upon arrival at the test site, organisns are transferred
to receiving water if receiving water is to be used as the test
dilution water. Al but a small volunme of the hol ding water
(approximately 5% is renoved by siphoning, and replaced slowy
over a 10 to 15 mnute period with dilution water. |If receiving
water is used as dilution water, caution nmust be exercised in
exposing the test organisns to it, because of the possibility
that it mght be toxic. For this reason, it is reconmended that
only approxi mately 10% of the test organi snms be exposed initially
to the dilution water. |If this group does not show excessive
nortality or obvious signs of stress in a few hours, the

remai nder of the test organisns are transferred to the dilution
wat er .

6.6.3 A group of organisns nmust not be used for a test if they
appear to be unhealthy, discolored, or otherw se stressed, or if
nortality appears to exceed 10% preceding the test. |If the
organisns fail to neet these criteria, the entire group nust be
di scarded and a new group obtained. The nortality nmay be due to
the presence of toxicity, if receiving water is used as dilution
wat er, rather than a di seased condition of the test organi sns.

If the acclimtion process is repeated with a new group of test
organi sns and excessive nortality occurs, it is recomrended that
an alternative source of dilution water be used.

6.6.4 The marine organi sns nay be used at all concentrations of
ef fluent by adjusting the salinity of the effluent to salinities
specified for the appropriate species test condition or to the
salinity approximating that of the receiving water, by adding
sufficient dry ocean salts, such as FORTY FATHOVS®, or
equi val ent, GP2, or hypersaline brine.
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6.6.5 Saline dilution water can be prepared with deionized water
or a freshwater such as well water or a suitable surface water.
If dry ocean salts are used, care nust be taken to ensure that
the added salts are conpletely dissolved and the solution is
aerated 24 h before the test organisns are placed in the
solutions. The test organisnms should be acclimted in synthetic
saline water prepared with the dry salts. Caution: addition of
dry ocean salts to dilution water may result in an increase in
pH. (The pH of estuarine and coastal saline waters is normally
7.5-8.3).

6.6.6 All effluent concentrations and the control(s) used in a
test should have the sane salinity. The change in salinity upon
acclimation at the desired test dilution should not exceed 6%o
The required salinities for culturing and toxicity tests with
estuarine and marine species are listed in the test nethod
sections.

6.7 TEST ORGANI SM DI SPOSAL
6.7.1 Wen the toxicity test(s) is concluded, all test organisns

(i ncluding controls) should be hunmanely destroyed and di sposed of
in an appropriate manner.
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SECTION 7
DI LUTI ON WATER
7.1 TYPES OF DI LUTI ON WATER

7.1.1 The type of dilution water used in effluent toxicity tests
wi |l depend | argely on the objectives of the study.

7.1.1.1 If the objective of the test is to estimate the chronic
toxicity of the effluent, which is a primary objective of NPDES
permt-related toxicity testing, a standard dilution water
defined in each test nethod is used. |If the test organi sns have
been cultured in water which is different fromthe test dilution
wat er, a second set of controls, using culture water, should be
included in the test.

7.1.1.2 If the objective of the test is to estimate the chronic
toxicity of the effluent in uncontam nated natural seawater
(receiving water), or with other uncontam nated natural seawater
Seasonal variations in the quality of receiving waters may affect
effluent toxicity. Therefore, the salinity of saline receiving
wat er sanpl es shoul d be determ ned before each use. |If the test
organi sns have been cultured in water which is different fromthe
test dilution water, a second set of controls, using culture

wat er, should be included in the test.

7.1.1.3 If the objective of the test is to determ ne the
additive or mtigating effects of the discharge on al ready

contam nated receiving water, the test is perfornmed using

di lution water consisting of receiving water col | ected outside
the influence of the outfall. A second set of controls, using
culture water, should be included in the test.

7.2 STANDARD, SYNTHETI C DI LUTI ON WATER

7.2.1 Standard, synthetic, dilution water is prepared with
reagent water and reagent grade chem cals (GP2) or conmercial sea
salts (FORTY FATHOVS®, HW MARI NEM X®) (Table 3). The source

wat er for the deionizer can be ground water or tap water. This
synthetic water should be used only if specified in the test

nmet hod. These salts may be directly added to effluents to

achi eve appropriate salinities for testing high effluent
concentration (e.g., greater than 60% effluent) where the use of
hypersaline brine is insufficient to obtain test salinities.

7.2.2 REAGENT WATER USED TO PREPARE STANDARD, SYNTHETI C,
DI LUTI ON WATER
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7.2.2.1 Reagent water is defined as distilled or deionized water
t hat does not contain substances which are toxic to the test
organi sns. Deionized water is obtained froma M LLI PORE

M LLI-@® M LLI PORE® QPAK™ or equivalent system It is

advi sable to provide a preconditioned (deionized) feed water by
using a Culligan® Continental ® or equivalent systemin front of
the MLLI-Q® Systemto extend the life of the MLLI-Q® cartridges
(see Section 5, Facilities, Equipnent, and Supplies).

7.2.2.2 The recommended order of the cartridges in a
four-cartridge deionizer (i.e., MLLI-Q® System or equival ent)
is: (1) ion exchange, (2) ion exchange, (3) carbon, and (4)
organi ¢ cleanup (such as ORGANEX-Q® or equivalent), followed by
a final bacteria filter. The QPAK™ water systemis a seal ed
system whi ch does not allow for the rearrangi ng of the
cartridges. However, the final cartridge is an ORGANEX- Q®
filter, followed by a final bacteria filter. Comrerci al

| aboratories using this system have not experienced any
difficulty in using the water for culturing or testing.

Ref erence to the MLLI-Q® systens throughout the remai nder of the
manual includes all MLLIPORE® or equival ent systens.

7.2.3 STANDARD, SYNTHETI C SEAVWATER

7.2.3.1 To prepare 20 L of a standard, synthetic, reconstituted
seawat er (nodified GP2), using reagent grade chem cals (Table 2),
with a salinity of 31% follow the instructions below. O her
salinities can be prepared by making the appropriate dilutions.
Larger or smaller volunmes of nodified GP2 can be prepared by
usi ng proportionately larger or smaller anmounts of salts and
dilution water.

1. Place 20 L of MLLI-Q® or equival ent deionized water in a
properly cleaned pl astic carboy.

2. Wei gh reagent grade salts listed in Table 2 and add, one
at atime, to the deionized water. Stir well after
addi ng each salt.

3. Aerate the final solution at a rate of 1 L/h for 24 h.

4. Check the pH and salinity.

7.2.3.2 Synthetic seawater can al so be prepared by addi ng
comercial sea salts, such as FORTY FATHOVE® HW MARI NEM X®, or
equi val ent, to deionized water. For exanple, thirty-one parts
per thousand (31% FORTY FATHOVE® can be prepared by dissol ving
31 g of sea salts per liter of deionized water. The salinity of
the resulting solutions should be checked with a refractoneter.
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TABLE 2. PREPARATI ON OF GP2 ARTI FI CI AL SEAWATER USI NG
REAGENT GRADE

CHEM CALS! 23
_ Amount  (g)
Conpound Conc?gﬁi?tlon RequEBeE for

NaCl 21.03 420. 6
Na, SO, 3.52 70. 4
Kd 0. 61 12.2
KBr 0. 088 1.76
Na,B,O, i 10 H,0O 0.034 0. 68
Myd , § 6 HO0 9.50 190. 0
Cadl, § 2 HO 1.32 26. 4
Srd, i 6 HO 0. 02 0. 400
NaHCO, 0.17 3. 40

1 Modified GP2 from Spotte et al. (1984).

2 The constituent salts and concentrations were taken from
USEPA (1993a). The salinity is 30.89 g/L.

3 @2 can be diluted with deionized (DI) water to the desired
test salinity.

7.2.4 Artificial seawater is to be used only if specified in the
nmet hod. The suitability of GP2 as a nediumfor culturing
organi sns has not been determ ned.

7.3 USE OF RECEI VI NG WATER AS DI LUTI ON WATER
7.3.1 If the objectives of the test require the use of
uncont am nated receiving water as dilution water, and the

receiving water is uncontam nated, it nay be possible to collect
a sanple of the receiving water close to the outfall, but away
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fromor beyond the influence of the effluent. However, if the
receiving water is contamnated, it may be necessary to coll ect
the sanple in an area "renote" fromthe discharge site, matching
as closely as possible the physical and chem cal characteristics
of the receiving water near the outfall.

7.3.2 The sanple should be collected i Mmediately prior to the
test, but never nore than 96 h before the test begins. Except
where it is used within 24 h, or in the case where | arge vol unes
are required for flow through tests, the sanple should be chilled
to 4EC during or imrediately follow ng collection, and mai ntai ned
at that tenperature prior to use in the test.

7.3.3 The investigator should collect uncontam nated water
having a salinity as near as possible to the salinity of the
receiving water at the discharge site. Water should be collected
at slack high tide, or within one hour after high tide. |If there
is reason to suspect contam nation of the water in the estuary,

it is advisable to collect uncontam nated water from an adj acent
estuary. At tinmes it may be necessary to collect water at a

| ocation closer to the open sea, where the salinity is relatively
high. In such cases, deionized water or uncontam nated
freshwater is added to the saline water to dilute it to the
required test salinity. Were necessary, the salinity of a
surface water can be increased by the addition of artificial sea
salts, such as FORTY FATHOVE®, HW MARI NEM X®, or equivalent, GP2,
a natural seawater of higher salinity, or hypersaline brine.

I nstructions for the preparation of hypersaline brine by
concentrating natural seawater are provided bel ow.

7.3.4 Receiving water containing debris or indigenous organi sns,
that may be confused with or attack the test organi sns, should be
filtered through a sieve having 60 um nesh openings prior to use.

7.3.5 HYPERSALI NE BRI NE
7.3.5.1 Most industrial and sewage treatnent effluents entering

marine and estuarine systens have little nmeasurable salinity.
Exposure of larvae to these effluents will usually require

increasing the salinity of the test solutions. It is inportant
to maintain an essentially constant salinity across al
treatments. In sonme applications it may be desirable to match

the test salinity with that of the receiving water (See Section
7.1). Two salt sources are available to adjust salinities --
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts is necessary only
when hi gh effluent concentrations preclude salinity adjustnment by
HSB al one.
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7.3.5.2 Hypersaline brine (HSB) can be nade by concentrating

nat ural seawater by freezing or evaporation. HSB should be nade
fromhigh quality, filtered seawater, and can be added to the
effluent or to reagent water to increase salinity. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine derived fromnatural seawater contains the
necessary trace netals, biogenic colloids, and sone of the

m cr obi al conponents necessary for adequate growth, survival

and/ or reproduction of marine and estuarine organisns, and it can
be stored for prolonged periods w thout any apparent degradation.
However, even If the maximumsalinity HSB (100% is used as a

di luent, the maxi mum concentration of effluent (0% that can be
tested is 66%effluent at 34%.salinity.

7.3.5.3 High quality (and preferably high salinity) seawater
should be filtered to at |east 10 um before placing into the
freezer or the brine generator. Water should be collected on an
incomng tide to mnimze the possibility of contam nation

7.3.5.4 Freeze Preparation of Brine

7.3.5.4.1 A convenient container for making HSB by freezing is
one that has a bottomdrain. One liter of brine can be nmade from
four liters of seawater. Brine may be collected by partially
freezing seawater at -10 to -20EC until the remaining |iquid has
reached the target salinity. Freeze for approximtely six hours,
t hen separate the ice (conposed nainly of fresh water) fromthe
remai ning liquid (which has now becone hypersaline).

7.3.5.4.2 1t is preferable to nonitor the water until the target
salinity is achieved rather than allowing total freezing foll owed
by partial thawing. Brine salinity should never exceed 100% It
is advi sable not to exceed about 70%brine salinity unless it is

necessary to test effluent concentrations greater than 50%

7.3.5.4.3 After the required salinity is attained, the HSB
should be filtered through a 1 umfilter and poured directly into
portabl e containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
4EC (even room tenperature has been acceptable). HSB is usually
of acceptable quality even after several nonths in storage.

7.3.5.5 Heat Preparation of Brine

7.3.5.5.1 The ideal container for making brine using heat-
assi sted evaporation of natural seawater is one that (1) has a
hi gh surface to volune ratio, (2) is made of a non-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent any toxic
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materials fromcomng in contact wwth the seawater being used to
generate the brine. |If a heater is immersed directly into the
seawat er, ensure that the heater materials do not corrode or

| each any substances that woul d contam nate the brine. One
successful nmethod is to use a thernostatically controll ed heat
exchanger made fromfiberglass. |If aeration is needed, use only
oil-free air conpressors to prevent contam nation

7.3.5.5.2 Before adding seawater to the brine generator,

t horoughly cl ean the generator, aeration supply tube, heater, and
any other materials that will be in direct contact wth the
brine. A good quality biodegradabl e detergent shoul d be used,
foll owed by several (at |east three) thorough reagent water
rinses.

7.3.5.5.3 Seawater should be filtered to at |east 10 um before
being put into the brine generator. The tenperature of the
seawater is increased slowy to 40EC. The water should be
aerated to prevent tenperature stratification and to increase
wat er evaporation. The brine should be checked daily (depending
on the volunme being generated) to ensure that the salinity does
not exceed 100% and that the tenperature does not exceed 40EC
Addi ti onal seawater may be added to the brine to obtain the

vol une of brine required.

7.3.5.5.4 After the required salinity is attained, the HSB
should be filtered through a 1 ymfilter and poured directly into
portabl e containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and | abelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
4EC (even room tenperature has been acceptable). HSB is usually
of acceptable quality even after several nonths in storage.

7.3.5.6 Divide the salinity of the HSB by the expected test
salinity to determ ne the proportion of reagent water to brine.
For exanple, if the salinity of the brine is 100%and the test is
to be conducted at 34% 100%.divided by 34% = 2.94. Thus, the
proportion is one part brine plus 1.94 reagent water.

7.3.5.8 To make 1 L of seawater at 34%.salinity froma
hypersal ine brine of 100% 340 nL of brine and 660 nL of reagent
wat er are required.

7.4 USE OF TAP WATER AS DI LUTI ON WATER
7.4.1 The use of tap water in the reconstituting of synthetic
(artificial) seawater as dilution water is discouraged unless it

is dechlorinated and fully treated. Tap water can be
dechl ori nated by deioni zation, carbon filtration, or the use of
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sodiumthiosulfate. Use of 3.6 ng/L (anhydrous) sodi um
thiosulfate will reduce 1.0 ng chlorine/L (APHA, 1992).
Fol | owi ng dechl orination, total residual chlorine should not
exceed 0.01 ng/L. Because of the possible toxicity of
thiosulfate to test organisnms, a control |acking thiosulfate
shoul d be included in toxicity tests utilizing thiosulfate-
dechl ori nated wat er.

7.4.2 To be adequate for general |aboratory use follow ng

dechl orination, the tap water is passed through a deionizer and
carbon filter to renpove toxic netals and organics, and to control
har dness and al kalinity.

7.5 DI LUTI ON WATER HOLDI NG

7.5.1 A given batch of dilution water should not be used for
nore than 14 days followi ng preparation because of the possible
build up of bacterial, fungal, or algal slinme growth and the
probl ens associated with it. The container should be kept
covered and the contents should be protected fromlight.
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SECTI ON 8

EFFLUENT AND RECEI VI NG WATER SAMPLI NG, SAMPLE HANDLI NG
AND SAMPLE PREPARATI ON FOR TOXI CI TY TESTS

8.1 EFFLUENT SAMPLI NG

8.1.1 The effluent sanpling point should be the sane as that
specified in the NPDES di scharge permt (USEPA, |988b).
Conditions for exception would be: (I) better access to a
sanpling point between the final treatnent and the di scharge
outfall; (2) if the processed waste is chlorinated prior to

di scharge, it may al so be desirable to take sanples prior to
contact with the chlorine to determine toxicity of the

unchl orinated effluent; or (3) in the event there is a desire to
eval uate the toxicity of the influent to nunicipal waste
treatment plants or separate wastewater streans in industria
facilities prior to their being conbined with other wastewater
streans or non-contact cooling water, additional sanpling points
may be chosen.

8.1.2 The decision on whether to collect grab or conposite
sanples is based on the objectives of the test and an
under st andi ng of the short and | ong-term operations and schedul es
of the discharger. |If the effluent quality varies considerably
with time, which can occur where holding tinmes are short, grab
sanpl es may seem preferabl e because of the ease of collection and
the potential of observing peaks (spikes) in toxicity. However,
the sanpling duration of a grab sanple is so short that ful
characterization of an effluent over a 24-h period would require
a prohibitively | arge nunber of separate sanples and tests.

Col l ection of a 24-h conposite sanple, however, may dilute
toxicity spikes, and average the quality of the effluent over the
sanpling period. Sanpling recommendations are provi ded bel ow
(al so see USEPA, 1993a).

8.1.3 Aeration during collection and transfer of effluents
should be mnimzed to reduce the |loss of volatile chem cals.

8.1.4 Details of date, tine, location, duration, and procedures
used for effluent sanple and dilution water collection should be
recor ded.

8.2 EFFLUENT SAMPLE TYPES

8.2.1 The advantages and di sadvant ages of effluent grab and
conposite sanples are |isted bel ow
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8.2.1.1 GRAB SAMPLES

Advant ages:

1. Easy to collect; require a m ni num of equi pnent and
on-site tine.
2. Provi de a neasure of instantaneous toxicity. Toxicity

spi kes are not masked by dil ution.

Di sadvant ages:

1. Sanples are collected over a very short period of tine
and on a relatively infrequent basis. The chances of
detecting a spike in toxicity woul d depend on the
frequency of sanpling, and the probability of m ssing
spi kes is high

8.2.1.2 COWOCSI TE SAMPLES:

Advant ages:

1. A single effluent sanple is collected over a 24-h peri od.

2. The sanple is collected over a much | onger period of tine
than grab sanples and contains all toxicity spikes.

D sadvant ages:

1. Sanpl i ng equi pnent is nore sophisticated and expensi ve,
and nust be placed on-site for at |east 24 h.
2. Toxicity spi kes may not be detected because they are

masked by dilution wth |ess toxic wastes.
8.3 EFFLUENT SAMPLI NG RECOMMENDATI ONS

8.3.1 Wen tests are conducted on-site, test solutions can be
renewed daily with freshly coll ected sanpl es.

8.3.2 Wen 7-day tests are conducted off-site, a m ni num of
three sanples are collected. |If these sanples are collected on
Test Days 1, 3, and 5, the first sanple would be used for test
initiation, and for test solution renewal on Day 2. The second
sanpl e woul d be used for test solution renewal on Days 3 and 4.
The third sanple woul d be used for test solution renewal on Days
5 6, and 7.

8.3.3 Sufficient sanple nust be collected to performthe
required toxicity and chemcal tests. A 4-L (1-gal) CUBI TAl NER®
wi |l provide sufficient sanple volune for nost tests.



8.3.4 THE FOLLOW NG EFFLUENT SAMPLI NG METHODS ARE RECOMVMENDED
8.3.4.1 Continuous Discharges

1. If the facility discharge is continuous, but the
calculated retention tine of the continuously discharged
effluent is |less than 14 days and the variability of the
effluent toxicity is unknown, at a mninmm four grab
sanpl es or four conposite sanples are coll ected over a
24-h period. For exanple, a grab sanple is taken every 6
h (total of four sanples) and each sanple is used for a
Separate toxicity test, or four successive 6-h
conposite sanples are taken and each is used in a
separate test.

2. If the calculated retention tine of a continuously
di scharged effluent is greater than 14 days, or if it can
be denonstrated that the wastewater does not vary nore
than 10%in toxicity over a 24-h period, regardl ess of
retention time, a single grab sanple is collected for a
single toxicity test.

3. The retention tinme of the effluent in the wastewater
treatment facility nay be estinmated from cal cul ati ons
based on the volunme of the retention basin and rate of
wast ewater inflow However, the cal culated retention
time may be nmuch greater than the actual tinme because of
short-circuiting in the holding basin. Were
short-circuiting is suspected, or sedinentation may have
reduced hol ding basin capacity, a nore accurate estimate
of the retention tinme can be obtained by carrying out a
dye st udy.

8.3.4.2 Intermttent Discharges

8.3.4.2.1 If the facility discharge is intermttent, a grab
sanple is collected mdway during each di scharge peri od.
Exanpl es of intermttent discharges are:

1. When the effluent is continuously discharged during a
single 8-h work shift (one sanple is collected), or two
successive 8-h work shifts (two sanples are coll ected).

2. When the facility retains the wastewater during an 8-h
work shift, and then treats and rel eases the wastewater
as a batch discharge (one sanple is collected).

3. When the facility discharges wastewater to an estuary
only during an outgoing tide, usually during the 4 h
following slack high tide (one sanple is collected).
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4. At the end of a shift, clean up activities may result in
the discharge of a slug of toxic waste (one sanple is
col | ected).
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8.4 RECEI VI NG WATER SAMPLI NG

8.4.1 Logistical problens and difficulty in securing sanpling
equi pnent generally preclude the collection of conposite
receiving water sanples for toxicity tests. Therefore, based on
the requirenents of the test, a single grab sanple or series of
daily grab sanples of receiving water is collected for use in the
test.

8.4.2 The sanpling point is determ ned by the objectives of the
test. At estuarine and marine sites, sanples should be collected
at m d-depth

8.4.3 To determne the extent of the zone of toxicity in the
receiving water at estuarine and nmarine effluent sites, receiving
wat er sanples are collected at several distances away fromthe

di scharge. The tinme required for the effluent-receiving-water

m xture to travel to sanpling points away fromthe point of

di scharge, and the rate and degree of mxing, may be difficult to
ascertain. Therefore, it may not be possible to correlate
receiving water toxicity with effluent toxicity at the discharge
poi nt unless a dye study is perforned. The toxicity of receiving
wat er sanples fromfive stations in the discharge plunme can be
eval uated using the sane nunber of test vessels and test

organi sns as used in one effluent toxicity test with five

ef fluent dilutions.

8.5 EFFLUENT AND RECEI VI NG WATER SAVPLE HANDLI NG, PRESERVATI ON,
AND SHI PPl NG

8.5.1 Unless the sanples are used in an on-site toxicity test
the day of collection, it is recomended that they be held at
approximately 4EC until used to inhibit mcrobial degradation,
chem cal transformations, and |loss of highly volatile toxic
subst ances.

8.5.2 Conposite sanples should be chilled as they are coll ected.
Grab sanmpl es should be chilled imediately follow ng collection.

8.5.3 If the effluent has been chlorinated, total residual
chl ori ne must be neasured i nmmedi ately follow ng sanpl e
col | ecti on.

8.5.4 Sanple holding tinme begins when the |ast grab sanple in a
series is taken (i.e., when a series of four grab sanples are
taken over a 24-h period), or when a 24-h conposite sanpling
period is conpleted. If the data fromthe sanples are to be
acceptable for use in the NPDES Program the elapsed tine
(holding tinme) fromsanple collection to first use of the sanple
in test initiation nust not exceed 36 h. EPA believes that 36 h
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is adequate tine to deliver the sanple to the | aboratories
performng the test in nost cases. 1In the isolated cases, where
the permttee can docunent that this delivery tinme cannot be net,
the permtting authority can allow an option for on-site testing
or a variance for an extension of shipped sanple holding tine.
The request for a variance in sanple holding tinme, directed to

t he USEPA Regi onal Adm ni strator under 40 CFR 136. 3(e), nust

i ncl ude supportive data which show that the toxicity of the
effluent sanple is not reduced (e.g., because of volatilization
and/ or sorption of toxics on the sanple container surfaces) by
extending the holding tine beyond 36 h. However, in no case
shoul d nore than 72 h el apse between collection and first use of
the sanple. 1In static-renewal tests, the original sanple may

al so be used to prepare test solutions for renewal at 24 h and 48
h after test initiation, if stored at 4EC, with m ni nrum head
space, as described in Paragraph 8.5. CGuidance for determning
the persistence of the sanple is provided in Subsection 8.7.

8.5.5 To mnimze the loss of toxicity due to volatilization of
toxic constituents, all sanple containers should be "conpletely”
filled, leaving no air space between the contents and the [|id.

8.5.6 SAMPLES USED I N ON-SI TE TESTS

8.5.6.1 Sanples collected for on-site tests should be used
within 24 h,

8.5.7 SAMPLES SHI PPED TO OFF SI TE FACI LI TI ES

8.5.7.1 Sanples collected for off site toxicity testing are to
be chilled to 4EC during or immediately after collection, and
shi pped iced to the performng |aboratory. Sufficient ice
shoul d be placed with the sanple in the shipping container to
ensure that ice will still be present when the sanple arrives at
the | aboratory and is unpacked. Insulating material nust not be
pl aced between the ice and the sanple in the shipping container.

8.5.7.2 Sanples may be shipped in one or nore 4-L (l-gal)
CUBI TAl NERS® or new plastic "m|k" jugs. Al sanple containers
shoul d be rinsed with dilution water before being filled with
sanple. After use with receiving water or effluents,
CUBI TAI NERS® and pl astic jugs are punctured to prevent reuse.

8.5.7.3 Several sanple shipping options are avail abl e, including
Express Mail, air express, bus, and courier service. Express
Mail is delivered seven days a week. Saturday and Sunday

shi ppi ng and recei ving schedul es of private carriers vary with
the carrier.
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8.6 SAMPLE RECEI VI NG

8.6.1 Upon arrival at the |aboratory, sanples are |ogged in and
the tenperature is neasured and recorded. |If the sanples are not
i mredi ately prepared for testing, they are stored at

approxi mately 4EC until|l wused.

8.6.2 Every effort nust be nade to initiate the test with an

ef fl uent sanple on the day of arrival in the |aboratory, and the
sanple holding tine should not exceed 36 h unless a variance has
been granted by the NPDES permtting authority.

8.7 PERSI STENCE OF EFFLUENT TOXI CI TY DURI NG SAVMPLE SHI PMENT AND
HOLDI NG

8.7.1 The persistence of the toxicity of an effluent prior to
its use in atoxicity test is of interest in assessing the
validity of toxicity test data, and in determ ning the possible
effects of allowi ng an extension of the holding tinme. Were a
variance in holding time (>36 h, but #72 h) is requested by a
permttee (See subsection 8.5.4), information on the effects of
the extension in holding time on the toxicity of the sanples nust
be obtai ned by conparing the results of nulti-concentration
chronic toxicity tests perfornmed on effluent sanples held 36 h
with toxicity test results using the sane sanples after they were
held for the requested, |onger period. The portion of the sanple
set aside for the second test nmust be held under the sane
conditions as during shipnent and hol di ng.

8.8 PREPARATI ON OF EFFLUENT AND RECEI VI NG WATER SAMPLES FOR
TOXI CI TY TESTS

8.8.1 Adjust the sanple salinity to the |evel appropriate for
obj ectives of the study using hypersaline brine or artificial sea
salts.

8.8.2 Wen aliquots are renoved fromthe sanple container, the
head space above the remai ni ng sanple should be held to a
mnimum Air which enters a container upon renoval of sanple
shoul d be expell ed by conpressing the container before recl osing,
if possible (i.e., where a CUBI TAI NER® used), or by using an
appropriate di scharge val ve (spigot).

8.8.3 It may be necessary to first coarse-filter sanples through a
NYLON® si eve having 2 to 4 nm nesh openings to renove debris and/or
break up large floating or suspended solids. |f sanples contain

i ndi genous organi sns that may attack or be confused with the test
organi sns, the sanples nust be filtered through a sieve with 60 pum
nmesh openings. Since filtering may increase the di ssol ved oxygen
(DO in an effluent, the DO should be determ ned prior to
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filtering. Low dissolved oxygen concentrations will indicate a
potential problemin performng the test. Caution: filtration may
renove some toxicity.

8.8.4 If the sanples nmust be warned to bring themto the
prescribed test tenperature, supersaturation of the dissol ved
oxygen and nitrogen may becone a problem To avoid this problem
the effluent and dilution water are checked with a DO probe after
reaching test tenperature and, if the DOis greater than 100%
saturation or lower than 4.0 ng/L, based on tenperature and
salinity, the solutions are aerated noderately (approximtely 500
m./mn) for a few mnutes, using an airstone, until the DOis

| owered to 100% saturation (Table 3) or until the DOis within the
prescribed range ($4.0 ng/L). Caution: avoid excessive aeration.

8.8.4.1 Aeration during the test may alter the results and shoul d
be used only as a last resort to nmaintain the required DO
Aeration can reduce the apparent toxicity of the test solutions by
stripping themof highly volatile toxic substances, or change the
toxicity by altering the pH  However, the DOin the test solution
must not be permtted to fall below 4.0 ny/L.

8.8.4.2 In static tests (non-renewal or renewal) |ow DGs may
conmonly occur in the higher concentrations of wastewater.

Aeration is acconplished by bubbling air through a pipet at the
rate of 100 bubbles/mn. [If aeration is necessary, all test
solutions nust be aerated. It is advisable to nonitor the DO
closely during the first few hours of the test. Sanples with a
potential DO problem generally show a downward trend in DOw thin 4
to 8 h after the test is started. Unless aeration is initiated
during the first 8 h of the test, the DO may be exhausted during an
unat tended period, thereby invalidating the test.

8.8.5 At a mnimum pH or salinity, and total residual chlorine
are neasured in the undiluted effluent or receiving water, and pH
and salinity are nmeasured in the dilution water.

8.8.6 Total ammonia is measured in effluent and receiving water
sanpl es where toxicity nmay be contributed by unionized anmoni a
(i.e., where total ammonia $5 nmg/L). The concentration (ng/L) of
uni oni zed (free) ammonia in a sanple is a function of tenperature
and pH and is cal culated using the percentage val ue obtained from
Tabl e 4,
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TABLE 3. OXYGEN SCLUBILITY (M&ZL) INWTER AT EQUI LI BRI UM
WTH AIR AT 760 MM HG (AFTER RI CHARDS AND CORW N,
1956)

TEMP SALINITY (%)

( CE) 0 5 10 15 20 25 30 35 40 43
0 14.2  13.8 13.4 12,9 12.5 12.1 11.7 11.2 10.8 10.6
1 13.8  13.4 13.0 12.6 12.2 11.8 11.4 11.0 10.6 10.3
2 13.4  13.0 12.6 12.2 11.9 11.5 11.1 10.7 10.3 10.0
3 13.1  12.7 12.3 11.9 11.6 11.2 10.8 10.4 10.0 9.8
4 12.7 12.3 12.0 11.6 11.3 10.9 10.5 10.1 9.8 9.5
5 12.4 12,0 11.7 11.3 11.0 10.6 10.2 9.8 9.5 9.3
6 12.1  11.7 11.4 11.0 10.7 10.3 10.0 9.6 9.3 9.1
8 11.5 11.2 10.8 10.5 10.2 9.8 9.5 9.2 8.9 8.7

10 10.9 10.7 10.3 10.0 9.7 9.4 9.1 8.8 8.5 8.3

12 10.5 10.2 9.9 9.6 9.3 9.0 87 84 81 7.9

14 10.0 9.7 9.5 9.2 89 86 83 81 7.8 7.6

16 9.6 93 9.1 88 85 83 80 7.7 7.5 7.3

18 9.2 90 87 85 82 80 7.7 7.5 7.2 7.1

20 8.9 8.6 84 81 7.9 7.7 7.4 7.2 6.9 6.8

22 8.6 8.4 81 7.9 7.6 7.4 7.2 6.9 6.7 6.6

24 8.3 8.1 7.8 7.6 7.4 7.2 6.9 6.7 6.5 6.4

26 8.1 7.8 7.6 7.4 7.2 7.0 6.7 6.5 6.3 6.1

28 7.8 7.6 7.4 7.2 7.0 6.8 6.5 6.3 6.1 6.0

30 7.6 74 7.1 6.9 6.7 6.5 6.3 6.1 59 58

32 7.3 7717 6.9 6.7 6.5 6.3 6.1 59 57 5.6
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TABLE 4. PERCENT UNI ONI ZED NH; | N AQUEQUS AMMONI A SCLUTI ONS:
TEMPERATURE 15- 26EC AND pH 6. 0- 8. 9*

pH TEMPERATURE ( EC)

15 16 17 18 19 20 21 22 23 24 25 26

6.0 0.0274 0.0295 0.0318 0.0343 0.0369 0.0397 0.0427 0.0459 0.0493 0.0530 0.0568 0.0610
6.1 0.0345 0.0372 0.0400 0.0431 0.0464 0.0500 0.0537 0.0578 0.0621 0.0667 0.0716 0.0768
6.2 0.0434 0.0468 0.0504 0.0543 0.0584 0.0629 0.0676 0.0727 0.0781 0.0901 0.0901 0.0966
6.3 0.0546 0.0589 0.0634 0.0683 0.0736 0.0792 0.0851 0.0915 0.0983 0.1134 0.1134 0.1216
6.4 0.0687 0.0741 0.0799 0.0860 0.0926 0.0996 0.107 0.115 0.124 0.133 0.143 0.153
6.5 0.0865 0.0933 0.1005 0.1083 0.1166 0.1254 0.135 0.145 0.156 0.167 0.180 0.193
6.6 0.109 0.117 0.127 0.136 0.147 0.158 0.170 0.182 0.196 0.210 0.226 0.242
6.7 0.137 0.148 0.159 0.171 0.185 0.199 0.214 0.230 0.247 0.265 0.284 0.305
6.8 0.172 0.186 0.200 0.216 0.232 0.250 0.269 0.289 0.310 0.333 0.358 0.384
6.9 0.217 0.234 0.252 0.271 0.292 0.314 0.338 0.363 0.390 0.419 0.450 0.482
7.0 0.273 0.294 0.317 0.342 0.368 0.396 0.425 0.457 0.491 0.527 0.566 0.607
7.1 0.343 0.370 0.399 0.430 0.462 0.497 0.535 0.575 0.617 0.663 0.711 0.762
7.2 0.432 0.466 0.502 0.540 0.581 0.625 0.672 0.722 0.776 0.833 0.893 0.958
7.3 0.543 0.586 0.631 0.679 0.731 0.786 0.845 0.908 0.975 1.05 1.12 1.20
7.4 0.683 0.736 0.793 0.854 0.918 0.988 1.061 1.140 1.224 1.31 1.41 1.51
7.5 0.858 0.925 0.996 1.07 1.15 1.24 1.33 1.43 1.54 1.65 1.77 1.89
7.6 1.08 1.16 1.25 1.35 1. 45 1.56 1.67 1.80 1.93 2.07 2.21 2.37
7.7 1.35 1. 46 1.57 1.69 1.82 1.95 2.10 2.25 2.41 2.59 2.77 2.97
7.8 1.70 1.83 1.97 2.12 2.28 2.44 2.62 2.82 3.02 3.24 3. 46 3.71
7.9 2.13 2.29 2.46 2.65 2.85 3. 06 3.28 3.52 3.77 4.04 4.32 4.62
8.0 2.66 2.87 3.08 3.31 3.56 3.82 4.10 4.39 4.70 5.03 5.38 5.75
8.1 3.33 3.58 3.85 4.14 4.44 4.76 5.10 5. 46 5. 85 6. 25 6. 68 7.14
8.2 4.16 4.47 4.80 5.15 5.52 5.92 6. 34 6.78 7.25 7.75 8.27 8.82
8.3 5.18 5. 56 5.97 6.40 6. 86 7.34 7.85 8.39 8. 96 9. 56 10.2 10.9
8.4 6.43 6.90 7.40 7.93 8.48 9. 07 9. 69 10.3 11.0 11.7 12.5 13.3
8.5 7.97 8.54 9.14 9.78 10. 45 11.16 11.90 12.7 13.5 14. 4 15.2 16. 2
8.6 9.83 10.5 11.2 12.0 12.8 13.6 14.5 15.5 16. 4 17. 4 18.5 19.5
8.7 12.07 12.9 13.8 14.7 15.6 16.6 17.6 18.7 19.8 21.0 22.2 23. 4
8.8 14.7 15.7 16.7 17.8 18.9 20.0 21.2 22.5 23.7 25.1 26. 4 27.8
8.9 17.9 19.0 20. 2 21. 4 22.7 24.0 25.3 26.7 28.2 29.6 31.1 32.6

‘Tabl e provi ded by Teresa Norberg-King, Environnental Research Laboratory,
Dul uth, M nnesota. Al so see Emerson et al. (1975), Thurston et al.
(1974), and USEPA (1985a).
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under the appropriate pH and tenperature, and multiplying it by the
concentration (ng/L) of total ammonia in the sanple.

8.8.7 Effluents and receiving waters can be dechl orinated using
6.7 ng/L anhydrous sodiumthiosulfate to reduce 1 ng/L chlorine
(APHA, 1992). Note that the amount of thiosulfate required to
dechlorinate effluents is greater than the amount needed to
dechlorinate tap water, (see Section 7, Dilution Water). Since
thiosulfate may contribute to sanple toxicity, a thiosulfate
control should be used in the test in addition to the norma
dilution water control.

8.8.8 The DO concentration in the sanples shoul d be near
saturation prior to use. Aeration will bring the DO and ot her
gases into equilibriumwth air, mnimze oxygen denmand, and
stabilize the pH  However, aeration during collection, transfer,
and preparation of sanples should be mnimzed to reduce the |oss
of volatile chemcals.

8.8.9 Mortality or inpairnent of growh or reproduction due to pH
alone may occur if the pH of the receiving water sanple falls
outside the range of 7.5 - 8.5 for marine. Thus, the presence of
other fornms of toxicity (nmetals and organics) in the sanple nmay be
masked by the toxic effects of low or high pH  The question about
t he presence of other toxicants can be answered only by performng
two parallel tests, one with an adjusted pH, and one wi thout an
adjusted pH Freshwater sanples are adjusted to pH 7.0, and nmari ne
sanpl es are adjusted to pH 8.0, by adding 1IN NaCH or 1N HCQ

dropwi se, as required, being careful to avoid overadustnent.

8.9 PRELIM NARY TOXI G TY RANGE- FI NDI NG TESTS

8.9.1 USEPA Regional and State personnel generally have observed
that it is not necessary to conduct a toxicity range-finding test
prior to initiating a static, chronic, definitive toxicity test.
However, when preparing to performa static test wwth a sanple of
conpl etely unknown quality, or before initiating a flowthrough
test, it is advisable to conduct a prelimnary toxicity range-
finding test.

8.9.2 Atoxicity range-finding test ordinarily consists of a down-
scal ed, abbreviated static acute test in which groups of five
organi snms are exposed to several w dely-spaced sanple dilutions in
a logarithmc series, such as 100% 10.0% 1.00% and 0.100% and a
control, for 8-24 h. Caution: if the sanple nust also be used for
the full-scale definitive test, the 36-h Iimt on holding tinme (see
Subsection 8.5.4) nust not be exceeded before the definitive test
is initiated.

52



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

8.9.3 It should be noted that the toxicity of a sanple observed in
a range-finding test may be significantly different fromthe
toxicity observed in the followup, chronic, definitive test
because: (1) the definitive test nmay be longer; and (2) the test
may be perfornmed with a sanple collected at a different tinme, and
possibly differing significantly in the level of toxicity.

8.10 MULTI CONCENTRATI ON (DEFI NI TI VE) EFFLUENT TOXI QI TY TESTS

8.10.1 The tests reconmmended for use in determning discharge
permt conpliance in the NPDES programare nulticoncentration or
definitive tests. These tests provide a statistical neasure of
effluent toxicity, defined as nortality, fertilization, growh,
and/ or devel opnent. The tests nmay be static-renewal or static non-
renewal .

8.10.2 The tests consist of a control and a m ni mum of five

ef fluent concentrations commonly selected to approxinmate a
geonetric series, such as 60% 30% 15% 7.5% and 3.75% using a
$0.5 dilution series.

8.10.3 These tests are also to be used in determ ning conpliance
with permt [imts on the nortality of the receiving water
concentration (RN of effluents by bracketing the RAC with

ef fl uent concentrations in the follow ng manner. For exanple, if
the RWC is >25% then, the effluent concentrations utilized in a
test may be: (1) 100% effluent, (2) (RAC + 100)/2, (3) RAC, (4)
RWJ 2, and (5) RWJ 4. More specifically, if the RAC = 50% the
effl uent concentrations used in the toxicity test would be 100%
75% 50% 25% and 12.5% If the RAWC is <25% effluent the
concentrations may be: (1) 4 tinmes the RAC, (2) 2 tines the RAC,
(3) RW2, and (4) RWU 4.

8.10.4 If acute/chronic ratios are to be determ ned by

si mul taneous acute and short-termchronic tests with a single
species, using the sane sanple, both types of tests nmust use the
sane test conditions, i.e., pH tenperature, salinity, etc.

8.11 RECEI'VI NG WATER TESTS

8.11.1 Receiving water toxicity tests generally consist of 100%
receiving water and a control. The salinity of the control should
be conparable to the receiving water.

8.11.2 The data fromthe two treatnments are anal yzed by hypot hesi s
testing to determne if test organismsurvival, fertilization
growm h or devel opnent in the receiving water differs significantly
fromthe control. Four replicates and 10 organi sns per replicate
are required for each treatnment (see Sunmmary of Test Conditions and
Test Acceptability Criteria in the specific test nethod).
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8.11.3 1In cases where the objective of the test is to estimate the
degree of toxicity of the receiving water, a definitive,

mul ticoncentration test is performed by preparing dilutions of the
receiving water, using a $ 0.5 dilution series, with a suitable
control water.
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SECTION 9

CHRONI C TOXIA TY TEST ENDPA NTS AND DATA ANALYSI S

9.1 ENDPA NTS

9.1.1 The objective of chronic aquatic toxicity tests with
effluents and pure conpounds is to estimate the highest "safe" or
"no-effect concentration” of these substances. For practical
reasons, the responses observed in these tests are usually Iimted
to survival, fertilization, germnation, growh and | arval

devel oprment and the results of the tests are usually expressed in
ternms of the highest toxicant concentration that has no
statistically significant observed effect on these responses, when
conpared to the controls. The terns currently used to define the
endpoi nts enployed in the rapid, chronic and sub-chronic toxicity
tests have been derived fromthe terns previously used for ful
life-cycle tests. As shorter chronic tests were devel oped, it
becane common practice to apply the sane termnology to the
endpoints. The terns used in this manual are as foll ows:

9.1.1.1 Safe Concentration - The highest concentration of toxicant
that wll ermt nornmal propagation of fish and other aquatic life
in receiving waters. The concept of a "safe concentration"” is a

bi ol ogi cal concept, whereas the "no-observed-effect concentration”
(below) is a statistically defined concentrati on.

9.1.1.2 No-Cbserved-Effect-Concentration (NCEC) - The highest
concentration of toxicant to which organisns are exposed in a ful
life-cycle or partial life-cycle (short-tern) test, that causes no
observabl e adverse effects on the test organisns (i.e., the highest
concentration of toxicant in which the values for the observed
responses are not statistically significantly different fromthe
controls). This value is used, along with other factors, to
determne toxicity limts in permts.

9.1.1.3 Lowest-Cbserved-Effect-Concentration (LOEC) - The | owest
concentration of toxicant to which organisns are exposed in a life-
cycle or

partial life-cycle (short-tern) test, which causes adverse effects
on the test organisns (i.e., where the values for the observed
responses are statistically significantly different fromthe
controls).

9.1.1.4 Effective Concentration (EC) - A point estimate of the
t oxi cant concentration that woul d cause an observabl e adverse

affect on a quantal, "all or nothing," response (such as death,
fertilization, germnation or, developnent) in a given percent of
the test organi sns, cal cul ated by point estimation techniques. |If
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t he observable effect is death or immobility, the term Lethal
Concentration (LC), should be used (see Subsection 9.1.1.5). A
certain EC or LC value mght be judged from a biol ogi cal standpoint
to represent a threshold concentration, or |owest concentration
that woul d cause an adverse effect on the observed response.

9.1.1.5 Let hal Concentration (LC) - The toxicant concentration
that woul d cause death in a given percent of the test popul ation.

I dentical to EC when the observabl e adverse effect is death. For
exanmpl e, the LC50 is the concentration of toxicant that woul d cause
death in 50% of the test popul ation.

9.1.1.6 Inhibition Concentration (1C - The toxicant concentration
that woul d cause a given percent reduction in a nonquantal

bi ol ogi cal neasurenent for the test population. For exanple, the

| C25 is the concentration of toxicant that woul d cause a 25%
reduction in growh for the test population, and the 1C50 is the
concentration of toxicant that woul d cause a 50% reducti on.

9.2 RELATIONSH P BETWEEN ENDPO NTS DETERM NED BY HYPOTHESI S
TESTI NG AND PA NT ESTI MATI ON TECHNI QUES

9.2.1 If the objective of chronic aquatic toxicity tests with
effluents and pure conpounds is to estimate the highest "safe or
no-effect concentration" ofthese substances, it is inperative to
understand how the statistical endpoints of these tests are rel ated
to the "safe" or "no-effect" concentration. NOCECs and LCECs are
determ ned by hypothesis testing (Dunnett's Test, at test with the
Bonferroni adjustnent, Steel's Many-One Rank Test, or the WI coxon
Rank Sum Test), whereas LCs, |1Cs, and ECs are determ ned by point
estimation techniques (Probit Analysis, the Spearman-Karber Method,
the Trimred Spear man- Karber Method, the G aphical Method or Linear

I nterpol ation Method). There are inherent differences between the
use of a NOEC or LOEC derived from hypothesis testing to estinmate a
"safe" concentration, and the use of a LC, I1C, EC, or other point
estimates derived fromcurve fitting, interpolation, etc.

9.2.2 Most point estimates, such as the LC, I1C, or EC are derived
froma mat hemati cal nodel that assunmes a continuous dose-response
relationship. By definition, any LC, IC, or EC value is an
estimate of some anount of adverse effect. Thus the assessnent of
a "safe" concentration nust be rmade from a bi ol ogi cal standpoi nt

rather than with a statistical test. 1In this instance, the
bi ol ogi st nmust determ ne sonme anount of adverse effect that is
deened to be "safe," in the sense that froma practical biologica

viewpoint it will not affect the normal propagation of fish and
other aquatic life in receiving waters.
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9.2.3 The use of NCECs and LCECs, on the other hand, assunes
either (1) a continuous dose-response relationship, or (2) a non-
continuous (threshold) nodel of the dose-response relationship.

9.2.3.1 In the case of a continuous dose-response relationship, it
is also assuned that adverse effects that are not "statistically
observabl e" are also not inportant froma biol ogical standpoint,
since they are not pronounced enough to test as statistically
significant agai nst sonme neasure of the natural variability of the
responses.

9.2.3.2 1In the case of non-continuous dose-response rel ationshi ps,
it is assuned that there exists a true threshold, or concentration
bel ow which there is no adverse effect on aquatic life, and above
which there is an adverse effect. The purpose of the statistical
analysis in this case is to estimate as cl osely as possible where
that threshold lies.

9.2.3.3 In either case, it is inportant to realize that the anount
of adverse effect that is statistically observable (LOEC) or not
observabl e (NCEC) is highly dependent on all aspects of the
experimental design, such as the nunber of concentrations of

toxi cant, nunber of replicates per concentration, nunber of

organi sns per replicate, and use of random zation. Qher factors
that affect the sensitivity of the test include the choice of
statistical analysis, the choice of an al pha |evel, and the anount
of variability between responses at a given concentration.

9.2.3.4 Were the assunption of a continuous dose-response
relationship is nade, by definition some anount of adverse effect
m ght be present at the NCEC, but is not great enough to be

det ected by hypothesis testing.

9.2.3.5 Were the assunption of a noncontinuous dose-response
relationship is nade, the NCEC woul d i ndeed be an estinmate of a
"safe" or "no-effect” concentration if the anount of adverse effect
that appears at the threshold is great enough to test as
statistically significantly different fromthe controls in the face
of all aspects of the experinmental design nentioned above. |If,
however, the anount of adverse effect at the threshold were not
great enough to test as statistically different, some anount of
adverse effect mght be present at the NCEC. |In any case, the
estimate of the NOEC with hypothesis testing is al ways dependent on
t he aspects of the experinmental design nmentioned above. For this
reason, the reporting and exam nation of sone neasure of the
sensitivity of the test (either the mninumsignificant difference
or the percent change fromthe control that this mnimum difference
represents) is extremely inportant.

9.2.4 In summary, the assessnent of a "safe" or "no-effect”
concentrati on cannot be made fromthe results of statistical
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anal ysis alone, unless (1) the assunptions of a strict threshold
nodel are accepted, and (2) it is assunmed that the anount of
adverse effect present at the threshold is statistically detectable

by hypothesis testing. In this case, estimtes obtained froma
statistical analysis are indeed estinmates of a "no-effect”
concentration. |If the assunptions are not deened tenable, then

estimates froma statistical analysis can only be used in
conjunction with an assessnment from a bi ol ogi cal standpoint of what
magni t ude of adverse effect constitutes a "safe" concentration. 1In
this instance, a "safe" concentration is not necessarily a truly
"no-effect" concentration, but rather a concentration at which the
effects are judged to be of no biol ogical significance.

9.2.5 A better understanding of the relationship between endpoints
derived by hypothesis testing (NCECs) and point estinmation

t echni ques (LGCs, 1GCs, and ECs) woul d be very hel pful in choosing
met hods of data analysis. Norberg-King (1991) reported that the

| C25s were conparable to the NCECs for 23 effluent and reference
toxi cant data sets analyzed. The data sets included short-term
chronic toxicity tests for the sea urchin, Arbacia punctulata, the
sheepshead m nnow, Cyprinodon variegatus, and the red nacroal ga,
Chanpia parvula. Birge et al. (1985) reported that LCls derived
fromProbit Analyses of data fromshort-termenbryo-larval tests
with reference toxicants were conparable to NOECs for severa
organisnms. Simlarly, USEPA (1988d) reported that the I 25s were
conparable to the NOECs for a set of daphnia, Ceriodaphnia dubia
chronic tests with a single reference toxicant. However, the scope
of these conparisons was very limted, and sufficient information
is not yet available to establish an overall relationship between
these two types of endpoints, especially when derived from effl uent
toxicity test data.

9.3 PREC SION
9.3.1 HYPOITHESI S TESTS

9.3.1.1 Wen hypothesis tests are used to analyze toxicity test
data, it is not possible to express precision in terns of a
commonly used statistic. The results of the test are given in
terns of two endpoints, the No-(Cbserved-Effect Concentration (NCEQC
and the Lowest- Cbserved-Effect Concentration (LCEC). The NCEC and
LOEC are limted to the concentrations selected for the test. The
wi dth of the NOEC-LCEC interval is a function of the dilution
series, and differs greatly depending on whether a dilution factor
of 0.3 or 0.5 is used in the test design. Therefore, USEPA
recomrends the use of the $0.5 dilution factor (see Section 4,
Quality Assurance). It is not possible to place confidence limts
on the NCEC and LCEC derived froma given test, and it is difficult
to quantify the precision of the NOEC LCEC endpoi nts between tests.
If the data froma series of tests perforned with the sane
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toxi cant, toxicant concentrations, and test species, were anal yzed
with hypothesis tests, precision could only be assessed by a
qualitative conparison of the NOEG-LCEC intervals, with the
under st andi ng that maxi num preci sion would be attained if all tests
yi el ded the same NCEC LCEC interval. In practice, the precision of
results of repetitive chronic tests is considered acceptable if the
NCECs vary by no nore than one concentration interval above or

bel ow a central tendency. Using these guidelines, the "normal"”
range of NOECs fromtoxicity tests using a 0.5 dilution factor
(two-fold difference between adjacent concentrations), would be
four-fold.

9.3.2 PA NT ESTI MATI ON TECHNI QUES

9.3.2.1 Point estimation techniques have the advantage of
providing a point estimate of the toxicant concentration causing a
gi ven anount of adverse (inhibiting) effect, the precision of which
can be quantitatively assessed (1) within tests by cal cul ati on of
95% confidence limts, and (2) across tests by calculating a
standard devi ation and coefficient of variation.

9.4 DATA ANALYSI S
9.4.1 ROLE OF THE STATI STI G AN

9.4.1.1 The use of the statistical nmethods described in this
manual for routine data anal ysis does not require the assistance of
a statistician. However, the interpretation of the results of the
analysis of the data fromany of the toxicity tests described in
this manual can becone probl ematic because of the inherent
variability and sonetinmes unavoi dabl e anonalies in biological data.
|f the data appear unusual in any way, or fail to neet the
necessary assunptions, a statistician should be consulted.

Anal ysts who are not proficient in statistics are strongly advi sed
to seek the assistance of a statistician before selecting the

nmet hod of anal ysis and using any of the results.

9.4.1.2 The statistical nmethods recommended in this nmanual are not
the only possible nethods of statistical analysis. Many other

met hods have been proposed and considered. Certainly there are

ot her reasonabl e and defensi bl e nmet hods of statistical analysis for
this kind of toxicity data. Anong alternative hypothesis tests
sone, like WIllianms' Test, require additional assunptions, while
others, like the bootstrap nethods, require conputer-intensive
conputations. Alternative point estimation approaches nost
probably would require the services of a statistician to determ ne
t he appropri ateness of the nodel (goodness of fit), higher order
linear or nonlinear nodels, confidence intervals for estinates
generated by inverse regression, etc. In addition, point
estimation or regression approaches would require the specification
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by biologists or toxicologists of some |ow | evel of adverse effect
that woul d be deened acceptable or safe. The statistical nethods
contained in this manual have been chosen because they are (1)
applicable to nost of the different toxicity test data sets for

whi ch they are recommended, (2) powerful statistical tests, (3)
hopeful ly "easily" understood by nonstatisticians, and (4) anenabl e
to use without a conputer, if necessary.

9.4.2 PLOTTI NG THE DATA

9.4.2.1 The data should be plotted, both as a prelimnary step to
hel p detect problens and unsuspected trends or patterns in the
responses, and as an aid in interpretation of the results. Further
di scussion and plotted sets of data are included in the nethods and
t he Appendi ces.

9.4.3 DATA TRANSFORVATI ONS

9.4.3.1 Transformations of the data, (e.g., arc sine square root
and | ogs), are used where necessary to neet assunptions of the
proposed anal yses, such as the requirenent for normally distributed
dat a.

9.4.4 | NDEPENDENCE, RANDCM ZATI ON, AND QUTLI ERS

9.4.4.1 Statistical independence anong observations is a critical
assunption in all statistical analysis of toxicity data. One of

t he best ways to ensure independence is to properly follow rigorous
random zati on procedures. Random zation techni ques should be

enpl oyed at the start of the test, including the random zation of
the placenent of test organisns in the test chanbers and

random zati on of the test chanber |ocation within the array of
chanbers. Discussions of statistical independence, outliers and
random zati on, and a sanpl e random zati on schenme, are included in
Appendi x A

9.4.5 REPLI CATI ON AND SENSI TIVI TY

9.4.5.1 The nunber of replicates enployed for each toxicant
concentration is an inportant factor in determning the sensitivity
of chronic toxicity tests. Test sensitivity generally increases as
the nunber of replicates is increased, but the point of dimnishing
returns in sensitivity may be reached rather quickly. The |evel of
sensitivity required by a hypothesis test or the confidence
interval for a point estimate will determ ne the nunber of
replicates, and should be based on the objectives for obtaining the
toxicity data.

9.4.5.2 In a statistical analysis of toxicity data, the choice of

a particular analysis and the ability to detect departures fromthe
assunptions of the analysis, such as the normal distribution of the
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data and honogeneity of variance, is al so dependent on the nunber
of replicates. Mre than the m ni num nunber of replicates nmay be
required in situations where it is inperative to obtain optinal
statistical results, such as with tests used in enforcenent cases
or when it is not possible to repeat the tests. For exanple, when
the data are anal yzed by hypothesis testing, the nonparanetric
alternatives cannot be used unless there are at |east four
replicates at each toxicant concentration.

9.4.6 RECOMVENDED ALPHA LEVELS

9.4.6.1 The data analysis exanples included in the manual specify
an al pha level of 0.01 for testing the assunptions of hypothesis
tests and an al pha level of 0.05 for the hypothesis tests

t hensel ves. These levels are common and wel | accepted |evels for
this type of analysis and are presented as a recomended m ni num
significance level for toxicity data anal ysis.

9.5 CHOCE OF ANALYSI S

9.5.1 The reconmended statistical analysis of nost data from
chronic toxicity tests with aquatic organisns follows a decision
process illustrated in the flowhart in Figure 2. An initial
decision is made to use point estimation techni ques (Probit

Anal ysi s, the Spearnman-Karber Method, the Tri med Spear man- Kar ber,
the G aphical Method or Linear Interpolation Method) and/or to use
hypot hesis testing (Dunnett's Test, the t test with the Bonferron
adjustnent, Steel's Mny-one Rank Test, or WIcoxon Rank Sum Test).
| f hypothesis testing is chosen, subsequent decisions are nmade on
the appropriate procedure for a given set of data, depending on the
results of tests of assunptions, as illustrated in the flowhart.
A specific flow chart is included in the analysis section for each
test.

9.5.2 Since a single chronic toxicity test mght yield information
on nore than one paraneter (such as survival, growth, and

devel oprent), the |lowest estimate of a "no-observed-effect
concentration" fromany of the responses would be used as the
"no-observed-effect concentration" for each test. It follows
logically that in the statistical analysis of the data,
concentrations that had a significant toxic effect on one of the
observed responses woul d not be subsequently tested for an effect
on sone other response. This is one reason for excluding
concentrations that have shown a statistically significant
reduction in survival froma subsequent hypothesis test for effects
on anot her paranmeter such as growh. A second reason is that the
excl usi on of such concentrations usually results in a nore powerful
and appropriate statistical analysis. 1In performng the point
estimation techni ques recommended in this manual, an all-data
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DATA (SURVIVAL, GROWTH, REPRODUCTION, ETC.)
|

ENDPOINT ESTIMATES
NOEC, LOEC

¢ HYPOTHESIS TESTING
POINT
ESTIMATION ¢
i TRANSFORMATION?
ENDPOINT ESTIMATE ¢
|- LC, EC, IC .
SHAPIROWILK'S TEST | NON-NORMAL DISTRIBUTION

m NORMAL DISTRIBUTION

HETEROGENEOUS

VARIANCE
BARTLETT'S TEST
: HOMOGENEOUS
U VARIANCE
NO STATISTICAL ANALYSIS | NO| 4 0R MORE
o RECOMMENDED | REPLICATES?
a YES
\ \J
Ll EQUAL NUMBER OF EQUAL NUMBER OF
> REPLICATES? REPLICATES?
- NO ¢ YES YES ¢ NO
T-TEST WITH DUNNETT'S STEEL'S MANY-ONE WILCOXON RANK SUM

u BONFERRONI TEST PANK TEST TEST WITH
u ADJUSTMENT BONFERRONI ADJUSTMENT

Figure 2. Flowchart for statistical analysis of test data.
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approach is used. For exanple, data from concentrations above the
NCEC for survival are included in determning | Cp estinates
usi ngt he Linear Interpolation Method.

9.5.3 ANALYSI S OF GROMH DATA

9.5.3.1 Gowh data fromthe topsnelt, Atherinops affinis, nysid,
Hol nesi nysis costata, survival and growh tests, and the giant
kel p, Macrocystis pyriferia, germnation and germtube |length test,
are anal yzed using hypothesis testing according to the flowhart in
Figure 2. The above nentioned growm h data nay al so be anal yzed by
generating a point estimate with the Linear Interpolation Mthod.
Data fromeffluent concentrations that have tested significantly
different fromthe control for survival are excluded fromfurther
hypot hesis tests concerning growh effects. Gowth is defined as
the change in dry weight of the orginal nunber of test organi sns
when group wei ghts are obtained. Wen anal yzing the data using
poi nt estimating techniques, data fromall concentrations are

i ncluded in the anal ysis.

9.5.4 ANALYSIS OF FERTI LI ZATI ON, GERM NATI ON AND DEVELGOPMENT DATA

9.5.4.1 Data fromthe purple urchin, Strongylocentrotus purpuratus
and the sand dollar, Denstraster excentricus, fertilization test
and devel opnent test; the red abalone Haliotis rufescens, the

Paci fic oyster, (rassostrea gigas, and nussel, Mtilus spp., larval
devel oprnent tests; and the giant kel p, Macrocystis pyrifera,

germ nation test nmay be anal yzed by hypothesis testing after an arc
sine transformati on according to the flowhart in Figure 2. The
fertilization, |larval devel opnment or germnation data may al so be
anal yzed by generating a point estinmate with the Linear

| nt er pol ati on Met hod.

9.5.5 ANALYSIS O MORTALI TY DATA

9.5.5.1 Mortality data are anal yzed by Probit Analysis, if
appropriate, or other point estimation techniques, (i.e., the
Spear man- Kar ber Met hod, the Trinmred Spear man- Karber Method, or the
G aphi cal Method) (see Appendices G 1) (see discussion below). The
nortality data can al so be anal yzed by hypothesis testing, after an
arc sine square root transformation (see Appendices B-F), according
to the flowhart in Figure 2.

9.6 HYPOTHESI S TESTS
9.6.1 DUNNETT' S PROCEDURE
9.6.1.1 Dunnett's Procedure is used to determne the NOEC. The

procedure consists of an analysis of variance (ANOVA) to determ ne
the error term which is then used in a multiple conparison
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procedure for conparing each of the treatnent neans with the
control mean, in a series of paired tests (see Appendix C. Use of
Dunnett's Procedure requires at |east three replicates per

treatment to check the assunptions of the test. |n cases where the
nunbers of data points (replicates) for each concentration are not
equal, at test may be performed with Bonferroni's adjustnent for
nmul ti pl e conparisons (see Appendix D), instead of using Dunnett's
Procedur e.

9.6.1.2 The assunptions upon which the use of Dunnett's Procedure
is contingent are that the observations within treatnents are
normal |y distributed, with honmogeneity of variance. Before

anal yzing the data, these assunptions nust be tested using the
procedures provided in Appendi x B.

9.6.1.3 If, after suitable transformati ons have been carried out,
the normality assunptions have not been net, Steel's Mny-one Rank
Test should be used if there are four or nore data points
(replicates) per toxicant concentration. |If the nunbers of data
points for each toxicant concentration are not equal, the WI coxon
Rank Sum Test with Bonferroni's adjustnent should be used (see

Appendi x F).

9.6.1.4 Sone indication of the sensitivity of the analysis should
be provided by calculating (1) the mninumdifference between neans
that can be detected as statistically significant, and (2) the
percent change fromthe control nmean that this mnimumdifference
represents for a given test.

9.6.1.5 A step-by-step exanple of the use of Dunnett's Procedure
is provided in Appendi x C

9.6.2 T TEST WTH THE BONFERRONI ADJUSTMENT

9.6.2.1 The t test wwth the Bonferroni adjustnent is used as an
alternative to Dunnett's Procedure when the nunber of replicates is
not the sanme for all concentrations. This test sets an upper bound
of al pha on the overall error rate, in contrast to Dunnett's
Procedure, for which the overall error rate is fixed at al pha.

Thus, Dunnett's Procedure is a nore powerful test.

9.6.2.2 The assunptions upon which the use of thet test with the
Bonferroni adjustnment is contingent are that the observations
within treatnents are normally distributed, wth honogeneity of
variance. These assunptions nust be tested using the procedures
provi ded i n Appendi x B.

9.6.2.3 The estimate of the safe concentration derived fromthis

test is reported in terns of the NOEC A step-by-step exanpl e of
the use of a t-test with the Bonferroni adjustment is provided in
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Appendi x D
9.6.3 STEEL'S MANY- ONE RANK TEST

9.6.3.1 Steel's Many-one Rank Test is a multiple conparison
procedure for conparing several treatnents with a control. This
method is simlar to Dunnett's procedure, except that it is not
necessary to neet the assunption of normality. The data are
ranked, and the analysis is perfornmed on the ranks rather than on
the data thenselves. |If the data are nornmally or nearly normally
di stributed, Dunnett's Procedure would be nore sensitive (would
detect smaller differences between the treatnents and control).
For data that are not normally distributed, Steel's Mny-one Rank
Test can be nmuch nore efficient (Hodges and Lehmann, 1956).

9.6.3.2 It is necessary to have at |east four replicates per
toxi cant concentration to use Steel's test. Unlike Dunnett's
procedure, the sensitivity of this test cannot be stated in terns
of the mninmumdifference between treatnment neans and the control
nmean that can be detected as statistically significant.

9.6.3.3 The estimate of the safe concentration is reported as the
NCEC. A step-by-step exanple of the use of Steel's Many-One Rank
Test is provided in Appendi x E

9.6.4 WLGCOXON RANK SUM TEST

9.6.4.1 The WIcoxon Rank Sum Test is a nonparanetric test for
conparing a treatnent with a control. The data are ranked and the
anal ysi s proceeds exactly as in Steel's Test except that
Bonferroni's adjustrment for nultiple conparisons is used instead of
Steel's tables. Wen Steel's test can be used (i.e., when there
are equal nunbers of data points per toxicant concentration), it
will be nore powerful (able to detect snaller differences as
statistically significant) than the WIcoxon Rank Sum Test with
Bonf erroni's adj ustnent.

9.6.4.2 The estimate of the safe concentration is reported as the
NCEC. A step-by-step exanple of the use of the WI coxon Rank Sum
Test is provided in Appendi x F.

9.6.5 A CAUTION IN THE USE OF HYPOTHESI S TESTI NG

9.6.5.1 If in the calculation of an NCEC by hypot hesi s testing,
two tested concentrations cause statistically significant adverse
effects, but an internediate concentration did not cause
statistically significant effects, the results should be used with
extrene caution.
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9.7 PO NT ESTI MATI ON TECHNI QUES
9.7.1 PROBIT ANALYSI S

9.7.1.1 Probit Analysis is used to estimate an LC or EC val ue and
t he associ ated 95% confidence interval. The analysis consists of
adjusting the data for nortality in the control, and then using a
maxi mum | i kel i hood technique to estimate the paraneters of the
underlying log tol erance distribution, which is assuned to have a
particul ar shape.

9.7.1.2 The assunption upon which the use of Probit Analysis is
contingent is a normal distribution of log tolerances. |If the
normal ity assunption is not net, and at |east two partial
nortalities are not obtained, Probit Analysis should not be used.
It is inportant to check the results of Probit Analysis to
determne if use of the analysis is appropriate. The chi-square
test for heterogeneity provides a good test of appropriateness of
the anal ysis. The computer program (see discussion, Appendi x H)
checks the chi-square statistic calculated for the data set against
t he tabul ar value, and provides an error nessage if the cal cul ated
val ue exceeds the tabul ar val ue.

9.7.1.3 A discussion of Probit Analysis, and exanpl es of conputer
program i nput and output, are found in Appendi x H

9.7.1.4 In cases where Probit Analysis is not appropriate, the
LC50 and confidence interval may be estinmated by the
Spear man- Kar ber Met hod (Appendix |) or the trimed Spear man- Kar ber
Met hod (Appendix J). If a test results in 100% survival and 100%
nortality in adjacent treatnments (all or nothing effect), the LC50
may be estimated using the G aphical Method (Appendi x K).

9.7.2 LINEAR | NTERPCLATI ON METHCD

9.7.2.1 The Linear Interpolation Method (see Appendix L) is a
procedure to calculate a point estimate of the effluent or other
toxi cant concentration [Inhibition Concentration, (1C] that causes
a given percent reduction (e.g., 25% 50% etc.) in the
reproduction or growh of the test organi snms. The procedure was
desi gned for general applicability in the analysis of data from
short-termchronic toxicity tests.

9.7.2.2 Use of the Linear Interpolation Method is based on the
assunptions that the responses (1) are nonotonically non-increasing
(the nean response for each higher concentration is |less than or
equal to the mean response for the previous concentration), (2)
follow a piece-wi se |inear response function, and (3) are froma
random i ndependent, and representative sanple of test data. The
assunption for piece-w se |linear response cannot be tested
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statistically, and no defined statistical procedure is provided to
test the assunption for nmonotonicity. Were the observed neans are
not strictly nonotonic by exam nation, they are adjusted by

smoot hing. I n cases where the responses at the | ow toxicant
concentrations are nuch higher than in the controls, the snoothing
process may result in a large upward adjustnent in the contro

nmean.

9.7.2.3 The inability to test the nonotonicity and piece w se

i near response assunptions for this method nmakes it difficult to
assess when the nmethod is, or is not, producing reliable results.
Therefore, the nethod should be used with caution when the results
of a toxicity test approach an "all or nothing" response from one
concentration to the next in the concentration series, and when it
appears that there is a large deviation fromnonotonicity. See
Appendi x L for a nore detailed discussion of the use of this method
and a conputer program avail able for perform ng cal cul ati ons.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

67




SECTI ON 10

REPORT PREPARATI ON

The toxicity data are reported, together with other appropriate
data. The follow ng general format and content are recomended for
the report:

10.1 | NTRCDUCTI ON

Permt nunber
Toxicity testing requirenents of permt
Pl ant | ocation
Nane of receiving water body
Contract Laboratory (if the test was perforned
under contract)
a. Narme of firm
b. Phone nunber
C. Addr ess

GhwNE

10. 2 PLANT CPERATI ONS

Pr oduct ( s)

Raw mat eri al s

Qperati ng schedul e

Description of waste treatnent

Schematic of waste treatnent

Retention tine (if applicable)

Vol une of waste flow (M, CFS, GPM

Design flow of treatnent facility at tine of sanpling

ONohRWNE

10. 3 SOURCE OF EFFLUENT, RECEIVI NG WATER, AND DI LUTI ON WATER

1. Ef fl uent Sanpl es

Sanpl i ng poi nt

Col l ection dates and tines

Sanpl e col |l ection et hod

Physi cal and chem cal data

Mean daily discharge on sanple collection date

El apsed tinme from sanple collection to delivery
Sanpl e tenperature when received at the |aboratory

Q@00 oY
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2.

Q@™"Pea0 oY

aoop

Recei vi ng Water Sanpl es
Sanpl i ng poi nt
Col l ection dates and tines
Sanpl e col |l ection et hod
Physi cal and chem cal data
Ti de st ages
Sanpl e tenperature when received at the |aboratory
El apsed tinme fromsanple collection to delivery

Dilution Water Sanpl es
Sour ce
Collection date and tine
Pr et r eat nent
Physi cal and chem cal characteristics

10.4 TEST METHODS

11.
12.
13.
14.

=
CO®NOUA wWMhE

Toxicity test method used (title, nunber, source)
Endpoi nt (s) of test

Devi ation(s) fromreference nmethod, if any, and the
reason(s)

Date and tinme test started

Date and tine test termnated

Type of volune and test chanbers

Vol une of sol ution used per chanber

Nunber of organi sns used per test chanber

Nunmber of replicate test chanbers per treatnent
Acclimation of test organisns (tenperature and salinity
mean and range)

Test tenperature (nean and range)

Specify if aeration was needed

Feedi ng frequency, and anount and type of food

Test salinity (nean and range)

10.5 TEST ORGAN SMS

NogkwnbE

Scientific nane and how det er m ned

Age

Life stage

Mean | ength and wei ght (where applicabl e)
Sour ce

D seases and treatnent (where applicable)
Taxonom ¢ key used for species identification
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10. 6 QUALI TY ASSURANCE

Ref erence toxi cant used routinely; source

Date and tine of nost recent reference toxicant test; test
results and current control (cusun) chart

3. Dlution water used in reference toxicant test

4. Results (NCEC or, where applicable, LOEC, LC50, I1C or EC
5

N =

val ue)
Physi cal and chem cal nethods used

10. 7 RESULTS
1. Provide raw toxicity data in tabular form including daily

records of affected organisns in each concentration
(including controls), and plots of toxicity data

2. Provide table of the statistical endpoints; LC50s, NCEGCs,
EC or 1C value, etc.

3. I ndi cate statistical nethods used to cal cul ate endpoints

4. Provide summary table of physical and chem cal data

5. Tabul ate QA data

10. 8 CONCLUSI ONS AND RECOMVENDATI ONS

1. Rel ati onshi p between test endpoints and permt limts.
2. Action to be taken.
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